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Environmental Effects of Fog Oil and CS Usage
at the Combat Maneuver Training Center,
Hohenfels, Germany

by

K.L. Brubaker, D.H. Rosenblatt, and C.T. Snyder

Abstract

In response to environmental concerns at the Combat Maneuver Training
Center (CMTC), Hohenfels, Germany, the U.S. Army 7th Army Training
Command commissioned a scientific study by Argonne National Laboratory to
investigate specific issues. The study involved three parts: (1) a field study to
determine if fog oil and CS (a compound named after its discoverers, B.B. Carson
and R.W. Stoughton) were accumulating in the CMTC environment, (2) a
screening of selected soil samples for the presence of U.S. Environmental
Protection Agency priority pollutants, and (3) a literature review of the health
effects of fog oil and CS, as well as a review of training practices at CMTC. No
fog oil or fog oil degradation products were detected in any soil, sediment, or
vegetation sample collected at CMTC. Trace quantities of one or more priority
pollutants were tentatively detected in three of eight soil and sediment samples.
However, the priority pollutant concentrations are so low that they pose no
environmental or health hazards. No evidence of widespread or significant
contamination in the training areas was found. Crucial data needed to fully evaluate
both acute and chronic health effects of civilian exposures to CS at CMTC are not
available. On the basis of the available literature, long-term health effects in the
civilian population near CMTC that could result from the use of fog oil and CS
during training activities are believed to be negligible. Military fog oil is subjected
to a refining process that removes carcinogens typically present in petroleum oils.
At CMTC, diesel fuel is often mixed with fog oil in cold weather to facilitate the
generation of fog. The health risk associated with this practice should be
investigated. Operational restrictions currently in effect at CMTC are adequate to
prevent short-term respiratory effects.

Summary

In recent years, the use of fog oil aerosol and CS during training activities at the
U.S. Army Combat Maneuver Training Center (CMTC) in southern Germany has prompted
complaints from civilians in the towns and villages surrounding CMTC. In addition, an extensive
list of questions dealing with general environmental issues at CMTC was recently presented to the



Minister for the Environment of the State of Bavaria, in which CMTC is located. Because of tht;st:
concerns, the U.S. Army 7th Army Training Command commissioned a scien[ific'stud)’ la
would address some of these issues. This report describes the objectives, methodologies, rest ts,

conclusions, and recommendations of that study.

The empbhasis of the study is on the potential health and environmental effects of the use of
CS and fog oil aerosol at CMTC. The available literature on the health and cneronmental effects
of these substances was reviewed and summarized. It was found that crucial data needed FO
estimate the threshold CS concentration, below which no respiratory effects would be seen even in
sensitive individuals, are not available. Data on possible health effects of long-term, low-level

exposures to CS are also not available.

Petroleum oils that contain polynuclear aromatic hydrocarbons (PAHs) are known to be
carcinogenic upon repeated, long-term dermal exposure, but no evidence exists that inhalation of
oil mists at typical occupational concentrations of up to 5 mg/m3 causes lung cancer. Because oils
that contain PAHs are believed to be carcinogenic, military fog oil is subjected to an additional
refining process to remove or chemically change any PAHs present. The common cold-weather
practice of mixing diesel fuel with fog oil prior to use in the field appears to circumvent the special
processing by reintroducing aromatic hydrocarbons from diesel fuel into the oil. However, this
practice seems unlikely to pose significant health risks, and the practice should be allowed to
continue until these risks are evaluated by a more thorough analysis.

On the basis of (1) the information available on the health effects of CS and fog oil and
(2) a qualitative understanding of atmospheric transport and dispersion in complex terrain, long-
term health effects in the civilian population near CMTC are believed to be negligible. The
potential exists for short-term respiratory effects to occur in sensitive individuals in off-post areas
under some circumstances, but current operational restrictions on the quantities and locations of CS
and fog oil aerosol usage are adequate to prevent such effects.

A field sampling program was undertaken to examine the possibility that fog oil, the CS
degradation product o-chlorobenzaldehyde (OCB), or some other toxic or hazardous pollutant
might be present in significant quantities in the soil at CMTC. No fog oil or OCB was detected in
any soil, sediment, or vegetation sample taken as part of this program; to go undetected, the
concentration of any fog oil present in the soil or sediments must have been below approximately
5-11 parts per million (ppm). Trace quantities of one or more of the substances classified as
priority pollutants by the U.S. Environmental Protection Agency were tentatively detected in three
of eight soil and sediment samples analyzed for the presence of priority pollutants. No evidence of
widespread contamination in the CMTC training areas was found; the concentrations of the priority
pollutants found are very low, and they present no environmental or health hazards at CMTC.



1 Introduction

This report describes the results of a study of the potential environmental and health effects .
associated with the use of fog oil aerosol obscurant and CS* during training activities at the
U.S. Army Combat Maneuver Training Center (CMTC), Hohenfels, Germany.

1.1 Background

In recent years, the use of obscurants, primarily fog oil aerosol, and of CS during training
activities at CMTC has prompted complaints from German citizens in the towns and villages
surrounding CMTC. Citizens have complained directly to the CMTC public relations office or to
local governmental officials. The complaints received by CMTC include symptoms, such as
irritation of the eyes, nose, and throat, that might result from exposure to CS or to high levels of
fog oil aerosol. The CMTC public relations office has kept a record of the complaints received
since at least March 1985, but it is difficult to clearly associate specific complaints with specific
training activities. The frequency and the location of the complaints are highly variable, although
historically citizens in the town of Hohenburg and its environs seem to have complained more
frequently than those elsewhere, and the available records of the use of smoke and CS are
incomplete. For example, only two complaints have been recorded at CMTC that refer specifically
to the use of CS, and one of these complaints is very ambiguous; both complaints came from the
small town of Albertshofen, near the western edge of CMTC. Neither incident can be correlated
with any data on known CS use. Furthermore, no documented or anecdotal evidence has been
found that CS has ever been used anywhere within several kilometers of Albertshofen.

According to the results of a brief survey undertaken as part of the work described in this
report, 62 complaints were received by CMTC between March 21, 1985, and August 1, 1990, an
average rate of about one complaint per month. Of these complaints, by far the highest percentage
(29.0%) was for smoke drifting out of CMTC. The next highest categories were excessive noise,
21.0%; window breakage and other damage, 14.6%; and dust and dirt, mostly on the roads,
12.9%. Of the 18 recorded complaints about smoke, 13 of them came from individuals in the
towns of Hohenburg and Stettkirchen, two towns about one kilometer apart that lie very near a
valley leading from the northern boundary of CMTC.

In response to these complaints, CMTC personnel have already curtailed some uses of CS
and have instituted restrictions on the use of CS and fog oil aerosol at CMTC. To date, no credible
scientific assessment of the health effects of the use of CS and fog oil aerosol at CMTC has been
available.

*The compound CS is named after its discoverers, B.B. Carson and R.W. Stoughton. Sce Appendix A for more
information about CS.



. . sils the
In addition, general awareness about environmental issues among citizens has been On

rise in Germany, and questions have been raised regarding the possible' contamination of SJOll,
surface water, and groundwater at U.S. Army training areas and other f{iCl]lt'lCS in Germany. Just
prior to the start of the discussions that led to the investigation described in this rep(;x/ltz an extfenswe
list of questions dealing with environmental issues at CMTC was presented to thc' inister for the
Environment of the State of Bavaria, in which CMTC is located. These questions were rather
general in nature, but they demonstrated the increasing concern of the German people for

environmental issues.

As a result of these concerns, the U.S. Army 7th Army Training Command (7th ATC),
which has administrative oversight over CMTC, decided early in 1990 to undertake a scientific
study that would address some of these issues. Argonne National Laboratory, one of several
national laboratories under the administration of the U.S. Department of Energy, was contracted to
carry out the investigation. This final report describes the objectives, methodologies, results,

conclusions, and recommendations of that study.

The motivation for the work, a description of the setting, the past and present training
activities, and the study objectives and methodologies are presented in Section 1. The results of a
brief review of the available information about the locations and amounts of CS and fog oil used in
recent training exercises are given in Section 2. Summaries of the known health effects, as well as
other properties, of fog oil and CS are given in Section 3; more detailed reviews of the current state
of our knowledge in these areas are given in Appendixes A and B. Section 4 provides a detailed
description of the field sampling program undertaken in this study. Section 5 presents the results
of the chemical analyses that were done on the various environmental samples that were collected at
CMTC, as well as on the neat fog oil samples that were obtained. A discussion and an evaluation
of the results of the study are given in Section 6, and the conclusions and recommendations are
presented in Section 7. In addition to the fog oil and CS literature reviews, the appendixes contain
descriptions of (1) the sample and document management procedures used, (2) the analytical
procedures used, and (3) the procedures used to adjust the latitude and longitude of the sampling
locations to the local geodetic system and to convert between the latitude/longitude and the

corresponding local coordinates.

1.2 Location and Setting

The CMTC occupies an area of approximately 16,200 ha (40,000 acres) in Parsberg
County, in the Upper Palatinate District of the state of Bavaria, Federal Republic of Germany, and
is the largest maneuver area available to U.S. troops in Europe. The CMTC is located within a
range of low mountains called the Franconian Jura, and the topography within CMTC is
correspondingly complex, consisting primarily of forested mountains separated by grassy valleys.
The name Hohenfels, literally translated, means "high rock," in reference to the rock formations

common in the area.



The CMTC is bordered on the north by the Lauterach River and on the east by the Vils
River. The town of Hohenburg is located on the north bank of the Lauterach River, approximately
in the middle of the northern edge of CMTC, and is the largest town immediately north of CMTC.
The Lauterach River flows into the Vils River at the town of Schmidmuehlen, located at the
northeastern corner of CMTC, near Gate 3. The eastern third of the southern boundary of CMTC
is formed by the Forellenbach (Trout Brook), which originates within CMTC and exits CMTC
near Gate 2 at the town of Hohenfels. The Forellenbach flows eastward into the Vils River at the
town of Rohrbach, at the southeastern corner of CMTC. The western two-thirds of the southern
boundary, as well as the western boundary of CMTC, is not defined by any particular topographic
feature. The town of Velburg lies approximately 3 km southwest of the southwestern corner of

CMTC.

Figure 1 shows a map of CMTC, the main roads, and the areas that are permanently off-
limits for training activities (the hatched areas). The main gate is Gate 1, and the cantonment area
is located in the immediate vicinity of that gate. The grid lines shown in Figure 1 are one kilometer
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apart, and they are numbered from 95 to 99, then 00 through 14 from west to east, and from 52to
68 from south to north. These designations are based on the Universal Transverse Merf:a'tor
(UTM) system of coordinates. A specific location within CMTC is commonly_spcciﬁc.d b)f giving
its grid reference with respect to this system. Thus, for example, the grid Fell in Figure 1
containing the large letter A is designated 9962; 99 designates the column of ccll§ just to the east of
the line marked 99, and 62 designates the row of cells just to the north of the line rparked 62. A
more specific point within a cell may be specified by giving more significant figures in each pm of
the grid specification; for example, 99756225 specifies a point located 0.75 km west of the line
labeled 99 and 0.25 km north of the line labeled 62. This point would be at the center of the

southeast quadrant of cell 9962.

1.3 Past and Present Training Activities at CMTC1,2

In 1937, to provide troop training and firing areas for the VIIth Army Corps (VII AK) of
the German Wehrmacht, a training area was set up between the Bavarian towns of Hohenfels,
Rohrbach, Schmidmuehlen, Hohenburg, Martinsberg, Judeneidenfeld, Schmidheim, and
Grossbissendorf and was named the "Hohenfels Troop Training Area." This early area occupied
approximately the eastern three-fourths of the area currently used. The area was apparently used
primarily for weapons firing practice, including small arms, mortars, 20-mm and 37-mm
antiaircraft guns, 75-mm mountain guns, and 105-mm field artillery pieces (howitzers). Also in
1939-1940, in the Albertshof-Grossmittendorf area within CMTC, bunkers were constructed to
provide training for an assault on the French Maginot Line. In late 1939, a prisoner-of-war camp
was established in the former village of Unteroedenhart and was used throughout World War IL.
After the end of the war, several camps for displaced persons were established within the CMTC;
the last of these camps was closed in the spring of 1949.

After 1946, German farmers were settled within the CMTC, assisted by the Military
Government and later by the U.S. High Commissioner for Germany. By October 1951, most of
the former villages within CMTC had been resettled. At this time, the area was requisitioned as a
training area by the U.S. Army, and it was agreed to extend the former training area westward to
include an additional 4,125 ha, bringing the training area to its current boundaries. Since 1951,
extensive camp and road construction has taken place within the area. The German Bundeswehr
has also used the area for training since approximately 1960.

The CMTC is currently used by the U.S. Army for training activities involving U.S. troops
in Europe, as well as troops from European and other allied countries. Current training activities
often involve the use of "smoke," a very fine aerosol consisting of droplets of "fog oil," a low-
viscosity, petroleum-based oil comparable with an SAE* 10- or 20-weight lubricating oil. The
smoke is generated to conceal the movements of the opposing (attacking) force (the OPFOR or the
red force) from the view of the defending force (the blue force). Depending on the attack plan, one
or more valleys within CMTC may be filled with.smoke during the exercise. In addition, CS may
be used during an exercise to simulate the use of chemical weapons by the OPFOR.

*SAE = Society of Automotive Engincers.



A typical training exercise consists of the OPFOR attempting to advance from west to east
along one or the other or both of the roads leading across the Hohenburg Road from area A to area
B (Figure 1), although contact between the OPFOR and the BLUE force may take place anywhere
within a rather broad area. Smoke generators are positioned prior to the start of the exercise and
are operated only long enough to achieve the desired effects; typically, smoke generators are
deployed in pairs and smoke is generated over a period lasting between 15 and 30 min. Spotters
observe the smoke during an exercise, and if smoke is seen to be blowing outside the CMTC area,
the generators are stopped. Also, smoke is not generated within 1,250 m of the CMTC boundary,
nor within an approximately 4- to 5-km? area immediately south of the town of Hohenburg and the
nearby village of Stettkirchen. At almost any time or place CS may be used, although CS is no
longer used near the northern boundary, nor is it used anywhere within 1,250 m of the CMTC
boundary. According to CMTC operations personnel, CS is not used in amounts greater than one
CS grenade per square kilometer. The use of both smoke and CS tends to be concentrated in
certain areas, as discussed in Section 2. These areas coincide with tactically important areas along
the most commonly used invasion routes, typically mountain passes, intersections of major roads,
and large open areas through which the OPFOR must pass.

1.4 Study Objectives and General Methodology

The overall objective of this study was to collect information so that on-post and off-post
environmental and health effects of fog oil and CS usage at CMTC could be assessed. Generally,
such an assessment requires information on the atmospheric concentrations of fog oil aerosol and
CS in areas surrounding CMTC. Unfortunately, the nature of the terrain at CMTC is, from a
meteorological perspective, extremely complex. Because of this constraint, current atmospheric
transport and dispersion computer models are not capable of accurately describing the distribution
of fog oil or CS over a long enough distance to be useful in assessing the impacts of a release on
areas outside the CMTC boundaries. Therefore, the use of atmospheric models to assess the
effects of the current fog oil and CS usage can currently be ruled out. Also, even if an adequate
model did exist, such a model would certainly require very detailed meteorological data for its
operation, and such meteorological data are not available for CMTC and the surrounding area.

Another consequence of the complex terrain at CMTC is that a detailed field atmospheric
transport study, while within the current state of the art, would be very time-consuming and
expensive. Moreover, such a study may not be possible under the present access restrictions in
effect during training exercises. A field study of atmospheric transport was therefore also ruled out
as a source of the necessary information, given the time, resource, and access constraints imposed
on this program.

If, however, the available data on health effects indicate that no health effects are produced
at concentrations equal to or higher than any that are realistically expected off-post, then a credible
argument can be made for the likely absence of health effects due to atmospheric releases of fog oil
aerosol and/or CS. Two tasks that were therefore undertaken as part of this study were to
(1) review the available literature on the health effects and other properties of fog oil and CS and




(2) determine, if possible, threshold concentrations below which no effects are expecfed.
Summaries of the results of these reviews are given in Sections 3.1 and 3.2, and more detailed

discussions, including references, are provided in Appendixes A and B.

It was also felt that useful information regarding potential long-tfann effect.s of the use of
smoke and CS might be obtained by determini{lg the extent to whu;h fog' 01.1 and the CS
degradation product OCB are present in the soil anq on the \(egctatlon within _the CMTC
boundaries. (CS itself is not expected to persist long in the environment.) Such information
would be essential to an assessment of on-post ecological effects of fog oi! and CS usage. The
third major task undertaken was therefore to conduct a field st}de to determine th.e extent of such
contamination. This study focused only on the more intensively used areas within CMTC, as
indicated by a survey of recent training and planning documents. The training areas that are subject
to the most intense usage are the most likely places in which accumulations of these substances can
be found. If they are not detected in these areas or are detected only in environmentally
insignificant amounts, the rest of the training area may also be assumed to be relatively free from
contamination. On the other hand, if surface soils in these areas are found to be significantly
contaminated, the possibility of soil contamination over a much wider spatial extent might need to
be considered, especially in view of the airborne nature of the releases.

The field sampling effort was timed to coincide with a period during which training
activities at CMTC were at a minimum so that access to the desired training areas was possible.
No CS was used anywhere on-site during this period, and the minimal use of smoke was restricted
to an area several kilometers from the study areas used in this investigation.

Accumulated fog oil, CS, and/or CS degradation products are removed by various physical
and/or chemical processes. The level present at any one time is determined by (1) the deposition
history and (2) the total rate of removal. A comparison of the results from samples taken at
different times and subject to no additional deposition during the sampling period might allow an
estimate to be made of the total rate at which the contaminants are being removed, or, if no
significant difference is seen in contaminant levels, an upper bound to the removal rate can be
obtained. To begin to address the need for such comparisons, duplicate soil and vegetation
samples were taken on different days during the sampling period from two study areas.

In addition, it was thought that contaminants in the surface soil might accumulate in and
along the natural drainage channels that carry surface runoff to the waterways that border CMTC.
A determination of contaminant levels in these drainage channels would provide evidence regarding
the possible contamination of these waterways by activities within CMTC. The fourth principal
task that was undertaken in this study was therefore to collect suitable samples from these runoff
channels with which to examine these possibilities.



2 Summary of Available Training Data

During a visit to CMTC by ANL personnel on August 6-10, 1990, two sources of
information were identified that provide data concerning the recent historical usage of both smoke
and CS. This section presents a summary of the information obtained at that time. This
information was crucial for the selection of sampling locations.

The first source of data was the set of planning documents covering each day's training
activity. Documents spanning the period from June to December 1988 (a total of 214 days) were
available. Earlier records have been either discarded or stored elsewhere, and because of a change
in format, later records are not helpful in determining smoke or CS usage. Figures 2 and 3 depict
the content of these records.

Figure 2 shows the total number of days within the given period in which smoke was
scheduled to be used in each one-kilometer-square grid cell. The total number of days within this
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period during which smoke was scheduled for use was 108. The concentration of smoke in just a
few areas can be clearly seen in the figure. On the basis of these records, the four grid cells that
seem to have received the greatest dose of smoke over this period are cells 0360 (76 days), 0160
(56 days), 0060 (51 days), and 0559 (39 days). These four cells lie within three valleys in the
center of CMTC, along which the OPFOR often advances. The overall distribution of smoke
usage corresponds to a wide band running from west to east and lying in areas A and B, as shown
in Figure 2; note that smoke is occasionally used in area C as well.

Figure 3 shows the corresponding results for CS usage. The total number of days within
this period during which CS was scheduled for use was 21. Although CS seems to have been
used much less frequently, the overall distribution for CS is roughly similar to that for smoke. The
same three valleys that received the most intense smoke usage also received the most intense CS
usage. These records do not indicate any CS usage in area C. No records are currently being kept
by any CMTC personnel on the locations and amounts of CS that are used during the training
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exercises. Interviews with CMTC personnel indicate that the overall CS distribution should
continue to be rather similar to the overall smoke distribution, as in the 1988 data.

The second source of data on smoke usage was a set of records currently kept by the "6900
Smoke" group, the people actually responsible for planning and executing the smoke operations.
These records only date back to April 1990, but they give the grid coordinates of each target area,
the number of generators used, and the period over which they were operated for each day smoke
was used. Unfortunately, the early part of these records was difficult to interpret, and dates were
not always given for each exercise. Figure 4 summarizes the smoke usage as documented in these
records for the period from June through August 7, 1990. The target point for each release was
plotted and a circle drawn around the target point; the size of the drawn circle indicates the number
of generators used. The overall distribution of smoke usage is roughly similar to that shown in
Figure 2. The same three valleys that are heavily used for training activities show up even more
clearly in this figure.
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3 Summary of Known Health and Environmental Effects

This section contains summaries of the known health and environmental effects of fog oil
and CS. More detailed descriptions, including references, of the available information on these

effects and other properties are given in Appendixes A and B.

3.1 Effects of CS

Upon exposure to CS, sensory nerves in the skin and mucosa are irritated. The substance
causes tearing, pain and conjunctivitis in the eyes, irritation in the respiratory passages and lungs,
burning sensations and congestion in the nose and throat, runny nose, sneezing, coughing,
salivation, chest constriction, and a feeling of suffocation. Within minutes of the cessation of CS
exposure, there is relief from all major effects; after ten minutes, only moderate weeping and some

redness of the eyes remain.

All studies of the effects on humans upon exposure to CS reviewed in this study involved
CS concentrations at or above 0.1 mg/m3 and the participation of healthy male volunteers. Even at
this concentration, the effects were quite unpleasant, and many subjects left the exposure chamber
before the scheduled termination of the test. Some indication exists that humans develop a limited
tolerance of the symptoms after several minutes of exposure. No studies have been identified that
describe the effects of CS on potentially sensitive individuals, such as the young, the elderly, and
people already suffering from a respiratory ailment. Even for healthy adults, no information is
available that determines the threshold concentration (below which no symptoms are observable),
and this information is certainly lacking for sensitive individuals.

Animal toxicity studies in which higher levels of CS were used indicate that CS is relatively
nontoxic. For example, the oral LDsp* in rabbits, guinea pigs, and rats ranged from 143 to
1,366 mg/kg. Biochemical studies suggest that the cause of death in studies of animals to
determine the oral LD5( was cyanide poisoning that resulted from the chemical breakdown of CS
within the body. The limited amount of toxicity data available on fish indicates that toxic effects
occur only at relatively high CS concentrations, far above any that would be expected in the
environmental setting at CMTC. No information is available on the effects of CS on reptiles,
amphibians, birds, or invertebrates.

3.2 Effects of Fog Oil

Studies of human and mammalian toxicology3 associated with peFroIeum-based (or
mineral) oils such as fog oil have focused on two types of effects: (1) respiratory effects due

* Median lethal dose = LDsy.
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specifically to the inhalation of oil mists and (2) other physiological effects due to repeated dermal
(skin) contact with the oil. In addition, respiratory effects may be expected from the inhalation of
fog oil aerosol simply because the inhalation of particulate matter of any sort at sufficiently high
levels can cause symptoms. A review of respiratory effects caused by general particulate matter
was outside the scope of this study.

Respiratory effects of mineral oils in humans occur primarily as two types of lipoid
pneumonia: lipoid granulomas and diffuse pneumonitis. Mineral oils do not produce pulmonary
necrosis, but they are taken up by macrophages that remain within the alveolar spaces. There is
very little indication that workplace exposure to mineral oil mists causes lung cancer. Although
lipoid pneumonia is uncommon even in areas where oil mist concentrations exceed 50 mg/m3,
worker discomfort occurs at levels greater than about 5 mg/m3. The U.S. Occupational Safety
and Health Administration (OSHA) has therefore established 5 mg/m3 as the time-weighted
average oil mist permissible exposure level (PEL) for the 8-h day, 5-day per week occupational
setting. The same value has been set by the American Conference of Governmental Industrial
Hygienists (ACGIH) as the airborne mineral oil Threshold Limit Value (TLV). The ACGIH is
currently reviewing the mineral oil TLV and may reduce the TLV for oils that contain PAHs to
0.2 mg/m3.

The significance of PAHs and of other aromatic hydrocarbons, such as substituted
benzenes, is that the degree of carcinogenicity associated with petroleum oils and fuels is believed
to be directly related to the aromatic content of the oil or fuel. Dermal studies on animals and
epidemiological studies have shown that the higher the aromatic content, the greater the
carcinogenicity. In 1986, the military specification MIL-F-12070C was amended to require the
elimination of the aromatic content of fog oil; this change requires that the oil to undergo an
additional refining step. Prior to 1986, the aromatic content of conventionally refined fog oil had
ranged between 40 and 50%.

»

Repeated dermal contact with conventionally refined lubricating oils or oil mists causes
inflammation, dermatitis, folliculitis, acne, eczema, and contact sensitivity in humans. Although
there is no evidence that the inhalation of oil mists causes lung cancer, malignant and premalignant
skin changes may be caused by dermal exposure to lubricating oils. These effects are believed to
be caused by the aromatic (primarily PAH) content of the oils. An association between squamous-
cell skin cancer of the hand, arm, and especially the scrotum, as well as exposures to
conventionally refined oils, is overwhelmingly supported by the available evidence. The
International Agency for Research on Cancer (IARC) has concluded that the mineral oils used in a
variety of occupations are carcinogenic to humans. This epidemiological evidence is supported by
the results of dermal studies using mice; these studies also show that tumors will not develop from
oil from which the aromatic substances have been removed.

The effects of fog oil on plants have been investigated to a limited extent and only at fog oil
aerosol concentrations approximately 100 to 1000 times higher than concentrations that are
expected at CMTC. Such effects as tip burn, needle dieback, chlorosis, and necrotic spotting of
pine needles were observed. Differences in the resistance of various species were also seen. No
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effects of soil contamination on seed germination

were observed. Also, fog oil is not a toxicant to

the soil heterotrophic microbial activity, nor is it toxic to earthworms at concentrations below 285
mg/kg (ppm). No information on the effects of fog oil on birds, reptiles, amphibians and other

fauna was identified.
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4 Field Sampling Program

This section contains a detailed description of the methodologies used to select specific
sampling sites, the sampling procedures used, the quality assurance and quality control measures
adopted, and other details of the field program. Readers who do not require this information may
wish to proceed to Sections 6 and 7.

4.1 Site Location Selection Methodology

The selection of specific sampling locations for the field sampling program proceeded in
three stages: (1) a review was conducted of the available historical data on fog oil and CS usage;
(2) on the basis of an analysis of the historical data, three general sampling areas and one control
area were selected; and (3) specific sampling locations within each selected area were determined
by using a stratified random-sampling procedure. The results of the historical review are given in
Section 2. On the basis of this brief analysis, the three areas shown in Figure 5 were selected for
study. These three areas represent the areas within CMTC that, on the basis of recent training
practices, have received the most intense dosage of fog oil and CS. They are, therefore, the areas
in which any accumulations of fog oil and/or CS and OCB would be expected to be the greatest.
In addition, the area at the northwest corner of CMTC shown on Figure 5 was selected to serve as
the control area for the study. No evidence was found that fog oil or CS was ever used in this
area, and it was expected to be free from fog oil or CS/OCB contamination.

Specific target locations at which soil and vegetation samples were to be collected were
chosen within each of the three study areas and within the control area. In each study area, both
soil and vegetation samples were collected from the valley floor and from the neighboring forest
margins. The number of samples collected was determined by two considerations: (1) the rather
uniform spatial distribution expected for any residual contamination from fog oil usage and, to a
lesser degree, from CS usage and (2) budgetary and resource constraints. Three valley and two
forest sites were chosen in study areas 1 and 3, and two valley sites and one forest site were
chosen in study area 2 and in the control area. Soil and vegetation samples were collected at each
site.

To select suitable valley floor sites, a square grid was superimposed over a magnified
topographic map of the study area; the standard CMTC topographic map was used as a basis.4
Each grid square was approximately 123 m on a side and occupied an area of approximately 1.5
ha. The map was then examined, and each grid square containing a road, a portion of a former
village now in ruins, a stream, or other such feature was eliminated from further consideration.
The area was divided up into two or three parts, depending on the number of sites to be selected,
and the remaining grid cells located in each part were identified. This division was made on the
basis of broad topographic features and from knowledge of the general direction of typical
maneuvers. Thus, study area 1 was subdivided into three parts: north (10 cells), central
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FIGURE 5 CMTC Fog Oil/CS Study Areas

(25 cells), and south (11 cells). Study area 2 was divided into two parts: north (14 cells) and
south (16 cells). Study area 3 was divided into three parts: north (8 cells), southwest (9 cells),
and southeast (8 cells). The control area was divided into two parts: north (5 cells) and south
(5 cells). A primary cell and a backup cell in each area was selected by using a random number
generator, and the center of each chosen cell was adopted as a target sampling location.

Forest site locations in each area were selected by using a similar procedure. The forest
margins surrounding the central valley in each area were divided into sections approximately 200 m
long. Sections containing features such as roads were eliminated from consideration, and the
desired number of forest sites was then randomly selected from the remaining sections by using a
random number generator. The target sampling sites were taken to be at the middle of each section
and approximately 50 m into the forest.
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In addition to soil and vegetation samples taken at the sites described above, sediment
samples were also collected. The sampling locations for the sediment samples were selected so
that sediments from surface water channels that drain the major training areas could be sampled.

Table 1 lists the actual sampling locations at which environmental samples were collected
during the September 1990 field program at CMTC. The sample code denotes the targeted
sampling site location, expressed as a three-significant-figure CMTC grid reference, and forms part
of each individual sample identification number (ID), as explained in Section 4.2. The
environment (valley, forest, or sediment) is given for each site and the associated study area. Each
true site location is given as a four-significant-figure CMTC grid reference and is given therefore to
the nearest 10 m. In some cases, the actual sampling locations may differ significantly from the
targeted locations, usually because it was impossible to collect the desired sample(s) as planned.
For example, a valley site devoid of grass or other vegetation was unsuitable for the collection of a
vegetation sample. In such a situation, the nearest suitable location was used instead. Also, the
two sample codes 056593 and 066598 were inadvertently switched in assigning sample IDs in the
field; accordingly, these two sample codes do not denote approximate site locations but must be
considered as merely parts of the unique sample ID numbers.

The true sampling locations were determined by using a Global Positioning System (GPS)
receiver. The GPS system determines absolute locations by triangulation, whereby a system of
Earth satellites transmits specially coded signals that contain information about the precise time of
transmission and the exact location of the satellite in orbit at the time of signal transmission. To
prevent unauthorized foreign powers from using this system during wartime, the U.S. Department
of Defense (DoD) has the ability to adjust the signals in such a way that civilian receivers cannot
obtain the same positional accuracy as military receivers can. This capability is called "selective
availability.” During the actual field sampling work, the DoD had turned off the selective
availability feature because of the imminent war in the Persian Gulf and because U.S. military
forces needed to use civilian receivers (there was a severe shbnage of the military version). Asa
result, the GPS positions obtained during the September 1990 field program have the full
positional accuracy available to single-receiver systems. According to the manufacturer's
literature, the accuracy of the positions correspond to a root-mean-square (RMS) positional
precision of approximately 25-30 m. An independent check of this precision was available for one
site that was located near a surveyed marker (sample code 979679); the GPS position differed by
only 10 m from the position derived from the known location of the marker and the measured
distance and heading of the site from the marker. This positional error was certainly well within
the expected uncertainty. In a few cases, the sampling site was located in a deep valley or on the
slope of a steep hill, and the GPS receiver was unable to detect enough satellites to determine the
position. In all but two of these cases, the GPS coordinates could be determined at a nearby but
more exposed location; those coordinates were recorded, and the true sampling location was
determined by using its measured distance and azimuth from the site at which the GPS position
was known. In the remaining two cases, the sampling location could be determined to sufficient
accuracy from the topographic map.
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TABLE 1 September 1990 CMTC Field Program
Sampling Locations

Sample Code  Environment Area CMTC Grid Reference

977673 Sediment ca 9775 6735
979679 Valley C 9797 6795
979682 Forest (o} 9779 6820
987671 Valley C 9862 6721
016616 Valley il 0129 6158
018597 Valley 1 0160 5975
019606 Valley 1 0192 6067
020603 Sediment 1 0208 6025
020608 Sediment 1 0216 6061
021610 Forest 1 0238 6112
023604 Forest 1 0243 6039
033606 Valley 2 0324 6055
036605 Sediment 2 0356 6053
037606 Forest 2 0354 6071
038601 Valley 2 0387 6006
043597 Sediment 2 0441 5974
056593 Forest 3 0657 5977
056603 Valley 3 0562 6031
056624 Sediment —b 0551 6249
059601 Valley 3 0595 6010
061596 Valley 3 0625 5977
062592 Sediment 3 0639 5918
065585 Sediment 3 0658 5850
066598 Forest 3 0616 5926
073624 Sediment e 0730 6240
096600 Sediment —d 0964 6003

aC denotes the control area.

b Selected so that drainage from the northern valley, south of
Adertshausen, could be examined.

¢ Selected so that the drainage along the Lautertal Glen could
be examined.

d Selected so that drainage from the large valley centered at
approximate grid reference 08 65 could be examined.
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The positions obtained from the GPS receiver were given in terms of the geodetic latitude
and longitude, on the basis of the WGS 84 geodetic system, which is used by the GPS system.
To locate these positions on the standard CMTC topographic map and to determine the
corresponding UTM coordinates (which form the basis for the grid reference system used on all
military maps), the raw GPS coordinates had to be suitably converted. The CMTC topographic
map is based on the International Ellipsoid and the European Datum 1950 (ED 50) horizontal
geodetic datum, and GPS latitude and longitude had to be converted to this local geodetic system.
Multiple-regression equations are available that can be used to achieve this conversion.> After the
latitude and longitude in the appropriate geodetic system had been obtained, the corresponding
UTM coordinates were computed.6 A summary of these procedures is given in Appendix C.

4.2 Sampling Program Procedures

The actual field sampling program was carried out during the last two weeks of September
1990. Standard sampling, sample management, and document management procedures were
used. The sample and document management procedures are given in Appendix D, which is taken
directly from the Sampling and Analysis Plan that was prepared prior to the field effort. This
section summarizes the sample ID number convention adopted, the chronology of the sampling
program, and the sampling procedures used, including QA/QC and chain-of-custody
considerations.

Sample Identification Numbers. Sample identification numbers were assigned to each
physical sample collected. A sample ID must be (1) unique so that it can be distinguished from
other similar samples and (2) traceable throughout the sampling and analysis process. To meet
these two requirements, each sample ID contained (in 12-character coded form) the information
provided in Table 2. 5

In this investigation, the Army facility was the CMTC (coded HTA for "Hohenfels
Training Area"). The target sampling location code, consisting of characters 4-9, corresponded to

TABLE 2 Sample ID Number Information Codes

Character(s) Definition Code Characteristic Choices

1,2, and 3 Army Facility Alphabetic HTA only

4,5, and 6 EAST Grid Reference Numeric 950-999 or 000-149
7, 8, and 9 NORTH Grid Reference Numeric 520-689

10 Sample Type Alphabetic S,V,R,orN

11 and 12 Sequential Sample Numeric 01-99

Number
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approximate grid reference numbers. The sample type code corresponds to the different types of
sample that were collected: (S) surface soil samples, (V) vegetation samples, (R) runoff sediment
samples, and (N) neat fog oil samples. For example, the sample ID number HTA015603S01

indicates the following:

« The Army facility at which the sample was collected is the CMTC (or Hohenfels
Training Area), Germany.

« The sampling point (location) within CMTC was at approximate grid reference
015603 (subject to reinterpretation as described in Section 4.1).

« The sample was a surface soil sample.
« The sample was the first surface-soil sample collected at that point.

Sampling Program Chronology. The chronology of the sampling program is presented in
Table 3, and a list of the environmental samples collected with the dates and times of collection is

given in Table 4.

Sampling Procedures. The procedures used for the collection of soil and sediment samples
are relatively standard and are summarized below. The project Health and Safety Plan required that
a metal detector be used to check the sampling area for unexploded ordnance near the surface prior
to the collection of surface soil samples.

4.2.1 Soil Sampling Procedure

1. Mark out a square approximately 10 m on a side and centered on the desired
sampling location.

2. At each corner and at the center of the square, remove any grass (including
roots), leaves, or other cover from an area sufficiently large to permit
excavation of the soil from a square 8 cm on a side.

3. Ateach corner and in the center of the sample area, use a precleaned stainless-
steel spoon to excavate the soil from a square area 8 cm on a side to a depth of
4 cm and place the excavated soil into a stainless-steel tray lined with aluminum
foil. This tray will be used to mix the samples. The sampling team member
who is responsible for doing the actual excavating and sample mixing must
wear disposable vinyl gloves.
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TABLE 3 September 1990 CMTC Sampling Program Chronology

Date Time
(09/90) (h) Activity and Notes
13 1300 Clean and prepare sampling equipment.
14 1400 Pack equipment.
17-18 Fly to Germany, drive to CMTC.
19 Discussions with CMTC personnel.
20 Weather sunny, cool.
AM. Collect samples in study area 3.
P.M. Collect samples in study areas 2 and 3.
21 Cool temperature, sky overcast, light rain starting.
AM. Collect samples in study area 2.
1122  Collect samples in study area 1; gentle, intermittent rain.
P.M. Collect samples in study area 1; rainfall increasing.
1440 Heavy rain — cease sampling operations.
22-23 Rain all weekend.
24 Weather cool, cloudy, occasional sprinkles of rain.
AM. Collect samples in study areas 1, 2, and 3.
P.M. Collect samples in control area.
25 Collect various sediment samples; obtain GPS positions at
control area sites.
26 AM. Obtain GPS positions at sites for which positions could not
be obtained earlier.
P.M. Discussions with CMTC personnel.
27 Weather sunny, cool.
AM. Collect samples in study areas 1 and 3.
P.M. Collect neat fog oil samples from smoke generator in the
field and obtain the fog oil sample collected by 6900
Smoke personnel. .
28 AM. Pack samples, equipment for travel back to USA.
29 Travel back to USA.

After all five grab samples have been collected and placed into the tray, mix
them until they are homogeneous and transfer the mixed sample into a
precleaned, 250-mL sample bottle until it is full. Discard the remainder of the
sample.

Wipe the sample container clean.
Fill out the sample label and attach it to the sample container.

Fill out the sample tag and attach it to the sample container.
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TABLE 4 Environmental Samples.Collected at CMTC

Time
Date Collected
Sample ID Environment Area  (09/90) (h)

HTA977673R01 Sediment C 24 1430
HTAQ979679S01 Valley C 24 1320
HTA979679V01 24 1320
HTA979682S01 Forest (o] 24 1250
HTA979682V01 24 1250
HTA979682V02 24 1250
HTA987671S01 Valley Cc 24 1350
HTA987671V01 24 1350
HTA016616S01 Valley 1 24 1100
HTA016616V01 24 1100
HTA016616S02 27 1230
HTA018597S01 Valley 1 24 0917
HTA018597V01 24 0917
HTA019606S01 Valley 1 24 0950
HTA019606V01 24 0950
HTA019606S02 2. 1150
HTA019606S03 27 1150
HTA020603R01 Sediment 1 21 1350
HTA020608R01 Sediment 1 21 1415
HTA021610S01 Forest 1 21 1122
HTA021610V01 21 1122
HTA021610V02 21 1122
HTA023604S01 Forest 1 21 1315
HTA023604V01 21 1315
HTA023604V02 21 1315
HTA033606S01 Valley 2 21 0928
HTA033606V01 21 0928
HTA036605R01 Sediment 2 20 1510
HTA036605R02 20 1510
HTA037606S01 Forest 2 21 0950
HTA037606V01 21 0950
HTA037606V02 21 0950
HTA038601S01 Valley 2 21 0900
HTA038601V01 21 0900
HTA043597R01 Sediment 2 20 1440
HTA056593S01 Forest 3 20 1110
HTA056593V01 20 0
HTA056593V02 20 1110
HTA056593S02 2% 1100
HTA056593V03 27 1100
HTA056593V04 27 1100
HTA056603S01 Valley 3 20 0906
HTA056603V01 : 20 0906

HTA056624R01 Sediment = 25 1124
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TABLE 4 (Cont.)

Time
Date Collected
Sample ID Environment Area  (09/90) (h)

HTA059601S01 Valley 3 20 0950
HTA059601V01 20 0950
HTA059601S02 27 0930
HTA059601V02 iy 0930
HTA059601V03 27 0930
HTA061596S01 Valley 3 20 1020
HTA061596V01 20 1020
HTA061596S02 27 1015
HTA061596V02 27 1015
HTA062592R01 Sediment 3 20 1210
HTA065585R01 Sediment 3 20 1230
HTA066598S01 Forest 3 20 1412
HTA066598V01 20 1412
HTA066598V02 20 1412
HTA073624R01 Sediment = 25 1145
HTA096600R01 Sediment = 25 1330

8. Place the aluminum-foil liner from the mixing tray and the used vinyl gloves
into a trash bag for later disposal. Place the used spoon into a plastic bag for
later decontamination.

9. Complete all chain-of-custody documents and field logbook entries.

In the case of sediment samples, a 10-m square could not generally be laid out, and
composite samples that were made up of four to five grab samples from clearly identifiable
sediment near the desired sampling location were taken. Otherwise, the sediment sampling
procedure was identical to that used for soil.

Only general guidelines for collecting vegetation samples are available, and these guidelines
deal primarily with the possibility of contamination within plant tissues. Uptake by plants of
various substances can be extremely plant-specific, and plant species populations may vary
significantly over small spatial and temporal scales. For these reasons, the collection of
representative vegetation samples presents particular difficulties, and the sampling objectives often
require the collection and analysis of a large number of samples. This type of investigation was
beyond the scope of this program. The main objective, however, in this study was to determine if
fog oil was present on the surface of the vegetation, and there was no need for the collection of
species-specific samples. Two samples were collected at each forest location, the first consisting
of leaves and/or needles collected from four to seven feet off the ground and the second consisting
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egetative cover collected from or very near the forest ﬂoqr. One
lley floor site, where the vegetation consisted almost entirely of
was a spatial composite as well as a composite sample
sample was collected by using the procedure described

of grass and/or other very low v
sample was collected at each va
grass and other small plants. Each sample
of potentially several plant species. Each
below.

4.2.2 Vegetation Sampling Procedure

1. Mark out a circle approximately 10 m in diameter, centered on the point
specified as the sampling location.

2. Collect eight to ten grab samples of vegetation equally spaced around the circle
and place the samples into a stainless-steel tray lined with aluminum foil.
Collect only blades of grass (no roots), leaves of trees or shrubs (no stems,
twigs, or larger diameter pieces), or needles (from conifers; again, no twigs,
etc.). The total amount collected should be sufficient to fill a 250-mL sample

bottle.

3. The sampling team member who is responsible for the actual collection must
wear disposable vinyl gloves during sample collection.

4. Sample collection tools may consist only of precleaned stainless-steel scissors;
uncleaned shears or clippers may be used to detach small boughs from trees or
shrubs to facilitate the collection of the associated leaves or needles, as long as
none of the actual sample comes into contact with the shears.

5. After placing all of the samples into the tray, mix them until they are
homogeneous and transfer the mixed sample into a precleaned, 250-mL sample
bottle until it is full. Discard the remainder of the sample.

6. Wipe the sample container clean.
7. Fill out the sample label and attach it to the sample container.
8. Fill out the sample tag and attach it to the sample container.

9. Place the container into a plastic bag and store the bag in a cool container (for
example, a cooler) for transportation. *
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10. Place the aluminum-foil liner from the mixing tray and the used vinyl gloves
into a trash bag for later disposal. Place the used scissors into a plastic bag for
later decontamination.

11. Complete all chain-of-custody documents and field logbook entries.

In addition to the environmental samples, three neat fog oil samples were obtained on
September 27, 1990. Two of these samples, sample IDs HTA975623N01 and HTA975623N02,
were obtained from the oil tank on a smoke generator vehicle in the field; these two samples are
duplicates. The samples were collected from a plug valve near the bottom of the tank, and some
sediment/residue was seen in each sample. According to the personnel operating the generator, the
oil in the tank contained approximately 25% diesel fuel. The diesel fuel had been added to lower
the viscosity of the oil, since the ambient temperature that morning had been low enough to affect
the operation of the smoke generator. The practice of adding diesel fuel to the oil in this manner is
quite common, and up to 50% diesel fuel may be used on the coldest days, according to the smoke
generator personnel. The sample containers used were specially precleaned 50-mL glass screw-top
bottles purchased for the purpose. The third neat fog oil sample, ID number HTA999999N03,
was collected for us by one of the smoke generator operators from fog oil stocks. No diesel fuel
had been added to this sample. The sample was collected in a 250-mL mouthwash bottle that had
been washed with soap and water, then rinsed with hot water before the sample was collected.
(The code NO3 should have been NO1 since only one such sample was taken.)

Quality Assurance/Quality Control Considerations. Quality assurance and quality control
(QA/QC) issues are important for the scientific and legal defensibility of the work done in any
scientific study. Quality assurance and quality control issues relevant to the type of field
investigation carried out in this study include the need for specially cleaned equipment and sample
containers; the use of blank, duplicate, and other types of control samples; the question of sample
preservation and general integrity between collection and analysis; and the need to ensure that the
sampling and analysis program is capable of achieving the desired results.

As indicated above, all of the sampling procedures used in this study required the use of
precleaned sampling equipment; this requirement is imposed to prevent cross-contamination
between different samples. It implies that a fresh piece of equipment must be used for each new
sample or be cleaned according to specified protocols prior to reuse. In addition, the use of
stainless-steel equipment is generally desirable in most environmental sampling efforts because it is
easy to clean and/or decontaminate and has no potential for introducing unwanted contaminants
into the sample. The use of precleaned equipment was also highly desirable from a logistic point
of view, because the equipment could not be cleaned as effectively in the field. The following
equipment cleaning procedure, used in this study, is based on that required by the
U.S. Environmental Protection Agency (EPA).
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4.2.3 Stainless-Steel Equipment Cleaning Procedure
1. Wash and scrub the equipment thoroughly with detergent.
2. Wash and scrub the equipment thoroughly with tap water.

3. Check the equipment for adhered soils and other material; use a brush to
dislodge any particles.

4. Rinse the equipment thoroughly with 10 N nitric acid.

5. Rinse the equipment thoroughly with tap water.

6. Double rinse the equipment with water that meets ASTM Type II purity
specifications.

7. Using Teflon™ wash bottles, spray-rinse all surfaces with pesticide-grade
methanol. Pour ASTM Type II water and methanol over the surfaces of all the
tools, bowls, and other sampling equipment. Collect the methanol in a
container for disposal. One effective collection technique is to place a large
glass or stainless-steel funnel below the tools during rinsing. Allow waste to
flow into 1-L bottles for later disposal. If a rinsate sample is required for QA,
make an additional final rinse of the item (using ASTM Type II water) and
collect it for analysis.

8. Allow the equipment to air-dry.

9. Carefully store dried equipment in aluminum foil (for samples requiring organic
analysis) or plastic wrap or bags (for sample requiring only inorganic analysis).

3 Sample containers used for soil, vegetation, and sediment samples were commercially
available precleaned (U.S. EPA cleaning protocol A), clear-glass 250-mL screw-top jars with
Teflon™ closures.

: Data quality objectives were formulated to reflect the level of quality necessary for the
intended use of the data obtained. As discussed earlier, this field sampling study was intended to
be an e.xploratory investigation. If the results of the study had shown substantial, widespread
contamination at CMTC, a subsequent, more elaborate and rigorous field study would have been
undertaken to determine more accurately the nature, level, and extent of any contamination present.
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Accordingly, the data quality requirements in this investigation corresponded to EPA data quality
level IIl. The EPA Contract Laboratory Program (CLP) data quality levels are defined as follows:

Level:  Field screening or analysis using portable instruments. Results often
are not compound-specific and are not quantitative. Results are
generally available immediately.

Level II: Field screening or analysis using more sophisticated portable
instruments. The quality of data generated in this way is highly
variable. Results are generally available immediately.

Level II:  All analyses performed in an off-site laboratory that may or may not
follow CLP procedures. QA/QC and documentation are less rigorous
than for CLP. Results are delayed. i

Level IV: CLP Routine Analytical Services. All analyses are performed in an off-
site CLP laboratory following CLP procedures. QA/QC procedures and
documentation are rigorous. Results are delayed.

Level V:  Analysis by nonstandard methods. All analyses are performed in an
off-site laboratory that may or may not be CLP certified. CLP Special
Analytical Services are Level V. Results are delayed.

The sampling and analysis procedures used in this study are considered to be compatible
with the data quality objectives described above and are capable of yielding data at the desired level
of accuracy. The sampling locations selected provide a representative distribution at the site and
are consistent with generally accepted sampling design principles. The collection of duplicate
samples (as well as samples at several locations within the same general area) provides adequate
checks and assists in the interpretation of the results. Results from analyses on the samples
collected are comparable only with other results from samples taken at CMTC during the same
period.

Because of the nature of the samples collected, the use of blank samples for internal quality
control was precluded. Instead, as discussed earlier, the identification of a control area and
collection of samples from that area, in addition to the study area samples, provides the same type
of quality control.

One duplicate sample was taken for each type of sample collected. This number was
considered adequate in view of the data quality objectives discussed above.

After collection, all samples were kept in a cool environment while at CMTC; some were
kept refrigerated, but because of limited space, not all of the samples could be refrigerated. Upon
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delivery to the ANL Analytical Chemistry Laboratory (ACL), the samples were kept in locked,
refrigerated storage at 4°C until they are removed for workup and analysis. No additional sample

preservation measures were considered necessary.

Chain of Custody. To maintain legal defensibility of the results of a sampling and analysis
program, it is necessary to follow strict chain-of-custody procedures. In particular, it is necessary
to demonstrate that a sample is the same sample that was collected at the site and that it has not been
altered since collection. A written record is kept for this purpose, and such a record
unambiguously shows that the sample was in someone's custody every step of the way. A sample
is in someone's "custody" if it meets one or more of the following criteria:

« Itis in one's actual physical possession;
« Itis in one's sight, after being in one's possession;

« Ttisin one's physical possession and then locked up so that no one can tamper
with it; or

« Itis kept in a secure area, restricted to authorized personnel only.

A chain-of-custody record for each sample collected was initiated by the person collecting
the samples. These samples were transported back to ANL in the custody of a member of the
sampling team. Custody seals were used as appropriate. The samples were turned directly over to
ACL personnel upon return to ANL, and the chain-of-custody records were appropriately
completed.
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5 Analytical Results

This section describes the sample workup and analysis procedures used in the analysis of
the fog oil and the environmental samples collected at CMTC and presents the results of those
analyses. Readers not requiring this information should proceed to Sections 6 and 7.

To clarify for nontechnical readers the meaning of the figures presented in this section,
brief discussions of the methods of gas chromatography (GC) and mass spectrometry (MS) are
given.

Gas chromatography usually involves the injection of a small amount (1-3 pL) of suitably
prepared liquid sample into a long, thin column through which a gas (the carrier gas) is flowing.
The purpose of sample workup procedures is to produce a suitable liquid sample that contains all
the substances of interest that were present in the original environmental sample. The injected
liquid sample is vaporized and carried along through the column by the carrier gas. The different
chemical substances present interact to varying degrees with a special coating present on the inside
of the column. As a result, as the sample is carried through the column, the sample constituents
are separated from each other. As they flow out of the other end of the column, they are detected
by a suitable detector, which generates a voltage proportional to the amount of substance being
detected. The length of time that it takes a particular substance to pass through the column is called
its retention time. The result of the analysis consists conceptually of a chart, called the
chromatogram, giving the detector response as a function of time, and each separated substance
appears on the chromatogram as a separate peak at a specific retention time. The area under the
peak is proportional to the total amount of that substance present in the original sample.

A mass spectrometer may be thought of as a particular type of detector in which the
vaporized material is ionized in a particular way and the electrical current generated is detected;
when used in this manner as a GC detector, the output from the mass spectrometer is called the
total ion chromatogram, in which the total ion current is plotted as a function of time. In practice
the ion current is usually scaled in such a way that the maximum has a specified arbitrary value,
such as 100, and the plot is called the Reconstructed lon Chromatogram (RIC). However, unlike
other GC detectors, the mass spectrometer allows the chemical identity of each substance to be
determined, in principle. The molecular ion generated by ionizing a molecule of some substance
fragments into smaller ions to a degree that depends on the substance. The particular ions
produced and their relative amounts are together uniquely characteristic of the original material.
The masses and relative numbers of these ions are typically determined by the mass spectrometer
(one says that a "scan” is made) at least once every second, and this "mass spectrum" can therefore
be obtained for each substance separated by the GC. The identity of the substance is determined in
principle by comparing its mass spectrum with the mass spectra of known substances and finding
one that matches. This procedure may not always work because (1) the mass spectra of similar
compounds are similar to each other and the differences may be masked by instrumental effects and
(2) the mass spectrum of the substance may not be in the library of mass spectra being searched.
To a trained analyst, however, the mass spectrum can often be used to determine the type of
compound present, if not its exact identity, even if a good match cannot be obtained.
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5.1 Fog Oil Samples

5.1.1 Procedures

Because of the nature of the samples, no special sample workup procedure was necessary
other than to dilute aliquots from the oil samples by a factor of 50 with methylene chloride prior to
analysis. The analysis was carried out by using a Finnegan Model 4021 Gas Chroma.to.gra;.)h/Mass
Spectrometer (GC/MS). The GC oven temperature program was as follows: the injection port
temperature was 280°C; the initial oven temperature was 35°C and was held for 2 min; the oven
temperature was increased at a rate of 6°C/min to a temperature of 200°C and then increased to
280°C at a rate of 10°C/min; the final temperature of 280°C was held for 20 min. The GC column
used was a 30-m x 0.25-mm DB-5 column with a 0.25-pm film thickness. The sample size was 1
pL. The mass spectrometer used electron impact ionization with an electron energy of 70 eV, and
the mass spectra covered the range from 35 to 500 atomic mass units (amu). A mass spectrum
scan was made once every second so that the scan number for a peak is equal to the retention time
in seconds. This system is typical of those used for analyses of environmental samples for organic
substances in the United States. The library of known mass spectra that was used is the
NIST/EPA/MSDC library,” with approximately 50,000 entries.

5.1.2 Results

Figure 6 shows the total ion chromatogram for the fog oil sample HTA999999N03. This
sample was taken from fog oil supplies and does not have diesel fuel mixed with it. Fog oil, like
most other petroleum oils, is an extremely complex mixture of literally thousands of different
organic compounds, and the chromatographic system used in this work was not capable of
resolving all of these constituents. As shown in the figure, the total ion chromatogram consists of
a large, broad hump upon which is superimposed many sharp peaks that correspond to individual
substances present in relatively larger amounts. The fact that the individual constituents of fog oil
could not be separated means that the concentration of some particular substance, for example a
PAH such as benzo[a]pyrene, cannot be determined in this way unless it is present in sufficient
quantity to appear as a separate peak superimposed on the hump.

An attempt was made to identify the substances corresponding to the most prominent peaks
from their mass spectra. To do this, the mass spectrum taken at the base of each peak was
subtracted from the mass spectrum from the top of the peak to obtain an approximate mass
spectrum for the peak itself without contamination from the substances constituting the hump.
Mass spectra obtained in this way are not as reliable as those obtained from single, resolved peaks.
Nevertheless, the tentative identities of several individual peaks in the chromatogram of Figure 6
are given in Table 5. No substance known to be hazardous or toxic was found. The scan numbers
are shown on Figure 6, as is the corresponding retention time in minutes and seconds; one scan is
taken every second. The "purity" value given in Table 5 is a measure of the degree to which the
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TABLE 5 Tentative Identification of Substances in Fog Oil Sample

HTA999999N03
Scan
Tentative Identification Number  Purity

1H-indene, octahydro-2,2,4,4,7,7-hexamethyl-, trans? 1253 767
1H-indene, octahydro-2,2,4,4,7,7-hexamethyl-, trans? 1376 771
1H-indene, octahydro-2.2,4.4,7,7-hexamethy|-, trans? 1485 789
Pentadecane, 2,6,10,14-tetramethyl 1668 902
Dodecane, 2,7,10-trimethyl 1785 863
Cyclohexane, 1-(1,5-dimethylhexyI)-4-(4-methyIpenty|) 2070 784
Long-chain aliphatic hydrocarbon® 1300 ==
Long-chain aliphatic hydrocarbon® 1450 -
Long-chain aliphatic hydrocarbon® 1810 =5
Long-chain aliphatic hydrocarbon® 1873 —
Long-chain aliphatic hydrocarbon® 1957 —
Long-chain aliphatic hydrocarbon® 2032 =
Long-chain aliphatic hydrocarbonP 2099 I
Long-chain aliphatic hydrocarbon® 2160 o
Long-chain aliphatic hydrocarbon® 2217 P

a Actual substance is chemically similar, but not identical, to the listed
substance.

b |ndividual substances not identified; chemical class identified from examination
of the mass spectrum.

observed mass spectrum agrees with that of the identified compound; this measure is given on a
scale from 0 (complete disagreement) to 1000 (complete agreement).

Figure 7 shows the total ion chromatogram for fog oil sample HTA975623N01, taken from
the oil tank of a smoke generator in the field. According to CMTC personnel, this sample contains
approximately 25% diesel fuel and 75% fog oil. The chromatograms do not appear to be very
different, but several individual peaks may be seen at relatively short retention times that do not
appear in Figure 6. These peaks are undoubtedly due to the diesel fuel, but a substantial part of the
diesel fuel is buried beneath the fog oil humpj in fact, diesel fuel itself generally shows a low hump
of its own and cannot be resolved chromatographically without going to extreme measures. Again,
an attempt was made to identify many of the individual peaks that appear by using the methods
described above. The results are given in Table 6. Again, no hazardous or toxic material was
identified from among these larger individual peaks.
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TABLE 6 Tentative Identification of Substances in Fog Oil Sample

HTA975623N01
Scan
Tentative Identification Number  Purity

Nonane 506 940
Dodecane 996 933
1H-indene, octahydro-2,2,4,4,7,7-hexamethyl-, trans 1326 853
Undecane, 4,6-dimethyl 1416 830
Long-chain aliphatic hydrocarbon? 674 -
Long-chain aliphatic hydrocarbon? 839 e
Long-chain aliphatic hydrocarbon? 1143 —
Long-chain aliphatic hydrocarbon? 1283 =
Long-chain aliphatic hydrocarbon? 1541 P
Long-chain aliphatic hydrocarbon? 1669 2
Long-chain aliphatic hydrocarbon? 1786 e
Long-chain aliphatic hydrocarbon? 1873 —
Long-chain aliphatic hydrocarbon? 1957 —
Long-chain aliphatic hydrocarbon? 2032 b
Long-chain aliphatic hydrocarbon? 2099 —
Long-chain aliphatic hydrocarbon? 2160 —
Long-chain aliphatic hydrocarbon? 2217 —
Long-chain aliphatic hydrocarbon? 2272 —
Long-chain aliphatic hydrocarbon? 2333 —
Long-chain aliphatic hydrocarbon? 2373 —
Long-chain aliphatic hydrocarbon? 2455 —

a|ndividual substances not identified; chemical class identified from
examination of the mass spectrum.

5.2 Environmental Samples

5.2.1 Sample Workup Procedures

In the case of typical environmental samples, such as those collected in this program, the
sample workup procedure is intended to extract the substances of interest, in this case fog oil and
OCB at least, from the sample medium and to concentrate it in a solution suitable for injection into
a GC or GC/MS. The U.S. EPA has developed standard workup procedures for use with samples
collected as part of environmental investigations and restoration efforts in the United States and are
documented in the U.S. EPA Contract Laboratory Program Statements of Work.8 The standard
EPA yorkup procedure for semivolatile organic compounds was used as the workup procedure for
the soil and sediment samples collected at CMTC. Briefly, the procedure involves the extraction of
30 g of sample, mixed with 60 g of anhydrous powdered sodium sulfate, in three successive
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100-mL portions of a 1-1 methylene chloride-acetone mixture. Each extraction is done by using an
ultrasonic disruptor to ensure the breakup of soil particles and the maximum extraction efficiency.
The extracts are then combined and concentrated to a final volume of 10 mL. B

In the case of the vegetation samples, no standard workup procedure is available. The
situation is complicated by the possibility that natural organic substances, in addition to any
contaminants present, will be extracted from the interior of the plant material. The sample workup
procedure used in this study consisted of the extraction of the entire plant sample with hexane,
without the use of ultrasound. The sample was not homogenized prior to the extraction. In effect,
the surface of the sample was washed with hexane in an attempt to collect all organic matter that
was on the plant surface while minimizing the collection of material from the plant interior. This
procedure was not independently tested, but it is expected that all the fog oil and OCB that may
have been present on the plant surface was collected by using this method. The results must be
regarded as only semiquantitative without further testing of the procedure.

The analytical procedures used were the same for the soil, sediment, and vegetation
samples. Analysis was done by using gas chromatography with a flame ionization detector
(GC/FID). In this type of detector, the vaporized sample constituents are passed into a hydrogen-
air flame; as each peak elutes from the end of the column, any combustible material is burned and a
large number of ions are formed. The current generated by these ions is detected by a pair of
electrodes and is the basis for the detector response. This type of detector has a very high
sensitivity, comparable with that of mass spectrometry, for combustible substances, such as the
constituents of petroleum oils or fuels. The gas chromatograph used was a Hewlett-Packard
Model 5990 GC with an autosampler injection system. The column used was a J&W DB-5
capillary column, 30 m x 0.32 mm with a 0.25-pm film thickness. The temperature was increased
in the following way: the initial temperature was maintained at 100°C for 2 min; then the
temperature was increased to 120°C at a rate of 5°C per minute; then from 120°C, the temperature
was increased to 320°C at a rate of 12°C per minute until the temperature was 320°C, which was
maintained for 10 min. The injector temperature was 270°C, and the detector temperature was
290°C. The carrier gas was helium and flowed at a rate of 19 cm3/s. The injection volume was
3 uL (splitless).

As in the GC/MS analyses, it was found to be impossible to separate the individual
constituents of fog oil, and the chromatographic operating conditions were optimized to maximize
the sensitivity of the method for the detection of fog oil itself. The analysis of fog oil samples at
varying dilution was carried out so that a calibration curve could be prepared. Eight points were
run (concentrations 0.576, 5.76, 11.52, 28.8, 57.6, 115.2, 288, and 576 mg fog oil/L in hexane);
the lowest detectable concentration was 11.52 mg/L. See Appendix E for further details on
calibration and other QA/QC issues.

Two data-processing techniques, the ratio and subtraction techniques, were applied to the
GC/FID chromatograms of the environmental samples to improve the detection limit for fog oil,
which elutes as a single, broad peak. The ratio technique calculates a point-by-point ratio of the
sample chromatogram to a solvent blank chromatogram; this technique eliminates baseline drift that
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might mask a low, broad peak, such as that expected from a low fog oil concentration. The
subtraction technique calculates a point-by-point difference betwcen' the .samplc chromatogram and
a standard fog oil chromatogram. Sample peaks are reduced. in size as chromatograms of
increasing fog oil concentrations are used. If fog oil is not present in the sample, tht? baseline ta}kes
on a "bowl" shape. On the other hand, if fog oil is present, the eventual result will be a straight

baseline where fog oil was present.

5.2.2 Results

No fog oil or OCB was detected in any environmental sample analyzed. The detection limit
for fog oil varied with the sample, because the chromatograms from some §amplcs were very
complex and the detection of a low hump due to fog oil was more difficult than in a relatively clean
sample. In the more complex samples, the fog oil detection limit was approximately 11 parts per
million by weight (ppm), while in the relatively clean samples, the fog oil detection limit was
approximately 5 ppm. In all samples, the OCB detection limit was approximately 33 ppm.
Appendix E provides GC/FID chromatograms for all soil and sediment samples and selected

vegetation samples.

Tables 7 and 8 summarize the results of the analyses of the soil and sediment samples and
of the vegetation samples, respectively. In these tables, the entries are arranged by sample code for
easy reference. The environment and the study area from which the sample was collected are also
given, along with the rest of the sample ID ("SO1," for example). The description provided for the
soil and sediment samples includes a numerical value that will be explained shortly and the
observed color of the extract after the sample workup procedure was completed. The analytical
results for each sample consist not only of the chromatogram, but also of a printout of the retention
time in minutes and the area in arbitrary units of each separate peak, as well as the total integrated
area under all the peaks that appear. The numerical value given in the tables represents a measure,
in arbitrary units, of the total integrated area in the chromatogram, excluding the solvent peak.

For the vegetation samples, the description includes a letter that indicates the height of the
vegetation from which the sample was taken: "L" for vegetation near the ground and "H" for
higher vegetation. Also given is the same numerical measure of the total integrated area under all
peaks that appear, excluding the solvent peak. The sample extract color is not given; it was nearly
the same (dark green to yellow-green) for all vegetation samples.

As indicated above, some soil samples gave rather complex chromatograms. Although
neither fog oil nor OCB could be detected in any sample, it was desirable to determine what
substances were present in the samples that gave rise to such complex chromatograms. Eight
samples were selected from among the more complex ones for further analysis by using GC/MS
techniques. Time and resource constraints precluded the further investigation of additional
samples. The samples chosen are listed in Table 9, and their total ion chromatograms are shown in
Figures 8 through 15.



TABLE 7 CMTC Soil and Sediment Samples Arranged by Sample Code

Description
Sample Study Total Extract
Code Environment Area Sample Area? Color
977673 Sediment C RO1 1.80 pale yel
979679 Valley c so1b 7.27 med yel
979682 Forest C So1 7.24 med yel
987671 Valley (o] So01 5.17 med yel
016616 Valley 1 So1¢ 6.99 med yel-grn
S02¢ 2.58 med yel-grn
018597 Valley 1 So1 6.37 med yel-grn
019606 Valley 1 So1bd 7.86 med yel-grn
So02d.e 3.48 med yel-grn
S03¢ 4.65 med yel-grn
020603 Sediment 1 Ro1b 1.64 pale yel
020608 Sediment 1 RO1 0.167 clear
021610 Forest 1 So1 28.6 deep yel-grn
023604 Forest 1 So1 10.6 deep yel-grn
033606 Valley 2 So1 3.17 med yel-grn
036605 Sediment 2 Ro1f 8.38 deep grn
Ro2! 8.82 deep yel-grn
037606 Forest 2 so1b 19.1 med yel-grn
038601 Valley 2 so1b 11.5 yel-grn
043597 Sediment 2 RO1 2.53 med yel-grn
056593 Forest 3 So1bg 16.8 med yel
So2b9  11.4 deep yel
056603 Valley So1 8.60 deep yel-grn
056624 Sediment — RO1 0.415 clear
059601 Valley 3 soth 8.87 med yel
So2bh 10.2 deep yel-grn
061596 Valley 3 soti 3.99 v. pale yel
S02i 2.49 v. pale yel
062592 Sediment 3 RoO1 1.01 v. pale yel
065585 Sediment 3 Ro1 1.58 pale yel
066598 Forest 3 So1 7.57 med yel-grn
073624 Sediment — RO1 0.887 clear
096600 Sediment — Ro1 1.05 pale yel

aSee text for definition.

b Samples chosen for GC/MS analysis.

cd Samples taken three days apart at same location.

e Duplicate soil samples.

! Duplicate sediment samples.

ghi Samples taken seven days apart at same location.
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TABLE 8 CMTC Vegetation Samples Arranged by Sample Code

Description

Sample Study Total
Code Environment Area Sample  Height Area?

979679 Valley (o] Vo1 — 2.05
979682 Forest (o} Vo1 Low 1.40
Vo2 High 2.39
987671 Valley (o] Vo1 — 2.69
016616 Valley 1 Vo1 — 1.55
018597 Valley i Vo1 — 1,38
019606 Valley 1 Vo1 —_ 1. 15
021610 Forest 1 Vo1 Low 2.18
V02 High 1.18
023604 Forest 1 Vo1 Low 1.70
Vo2 High 2.12
033606 Valley 2 Vo1 — 2.21
037606 Forest 2 Vo1 Low 3.13
Vo2 High 1.86
038601 Valley 2 Vo1 —_ 1.83
056593 Forest 3 vo1b Low 2.05
vo2¢ High 2.60
Vo3t Low 1.70
Vo4c¢ High 1.72
056603 Valley 3 Vo1 — 1.64
059601 Valley 3 vo1d — 2.79
vo2d.e — 1.38
vo3e — 1.62
061596 Valley 3 vo1! = 2.41
vo2! — 2.32
066598 Forest 3 Vo1 Low 3.13
Vo2 High 1.61

aSee text for definition.
bcd! Samples taken seven days apart at same location.

e Duplicate vegetation samples.
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The extracts from the eight selected TABLE 9 Environmental Samples Chosen
samples were concentrated further by a factor for GC/MS Analysis
of five and then analyzed by GC/MS under
the same operating conditions as were used in

the neat fog oil analyses described in =gl b ™ T
Section 5.1. An examination was made of
each scan, taken once every second by the HTA979682S01 Forest c
mass spectrometer during the run, in an HTA019606S01 Valley 1
attempt to detect the presence of any U.S. HTA020603R01 Sediment 1
EPA semivolatile priority pollutants. (These HIADI7E0E 301 Farast <
are substances that have been determined to il Nalis =

: HTA056593S01 Forest 3
pose a potential health hazard at hazardous HTA056593S02 Eoront 3
waste sites in the United States.) The search HTA059601S02 Valley 3

for priority pollutants is made by searching

each scan for the presence of key molecular

ions, each associated with a specific priority

pollutant. For example, the presence of

molecular ions with a mass of 169 amu indicates the possible presence of N-nitrosodiphenylamine
in the sample. If a particular key ion is detected in any scan, a comparison is made of the complete
mass spectrum with the known mass spectrum of the substance to try to confirm the identification.
This comparison may fail, however, if the pollutant is present in only trace amounts, because the
observed mass spectrum may not be very accurate in that case. Even if the comparison fails, the
priority pollutant is considered to have been detected, although with much less certainty. A
complete list of the priority pollutants considered in this work is given in Appendix F.

In addition to a search for priority pollutants, the mass spectra of the most significant peaks
that appear in the total ion chromatogram were compared with those in the NIST/EPA/MSDC data
base in an attempt to identify the corresponding substances; however, not all components could be
identified in this way. Tables 10 through 17 list the substances tentatively identified by mass
spectrometry in the samples listed in Table 9. Each table gives the name of the substance, the scan
number at which it appeared, the purity value associated with the mass spectrum, and (except in
Tables 10 and 16) an estimate of the concentration of that substance in the sample.

The concentration estimates given in these tables are based on the use of internal standards,
which were specific compounds introduced into the sample extract in known concentrations. The
concentration of a contaminant may be found by comparing the intensity of the principal ion in the
mass spectrum with that of the nearest internal standard. In addition, other information is
necessary, including knowledge of the concentration of the internal standard and, in the case of
priority pollutants, knowledge of the sensitivity of the mass spectrometer to the contaminant
compared with that of the internal standard. For substances not in the list of priority pollutants, the
assumption was made that the responses of the mass spectrometer to the contaminant and to the
internal standard used are identical. The concentrations in the tables are given in micrograms of
substance per kilogram of dry sample; these units are equivalent to parts per 109 (or parts per
billion, American usage) by weight. Concentration estimates are not available for samples
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TABLE 10 Tentative Identification of Substances in Environmental Sample
HTA9796825012

Scan
Tentative Identification Number  Purity
2-hexanone, 6-acetyloxy? 537 695
5-hexen-2-one, 5-methyl® 590 863
3-heptanone, 2,4-dimethylP 664 727
1,4-methaneazulene, decahydro-4,8,8‘trimethyl-g-methylene-, 1312 723
[1S-(1 alpha, 3a beta, 4 alpha, 8a beta)]-
Propanoic acid, 2-methy|-,1-(1,1-methy!ethyl)-z-methyl- 1548 915
1,3-propanediy! ester®
Tetradecanoic acid 1735 810
Pentadecanoic acid 1805 802
Unknown phthalate 1847 —_
2-dodecenal 1912 745
9-octadecenal 1919 715
Hexadecanoic acid 1930 177
Long-chain hydrocarbon 2065 —
1-octadecanol 2154 866
Hexanedioic acid, bis(2-ethylhexyl) esterb:¢ 2217 871
Octadecane, 1-(ethenyloxy)-¢ 2270 912
1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester 2309 957
Long-chain hydrocarbond 2406 —
Long-chain hydrocarbond 2411 i
Long-chain hydrocarbond 2452 =
Long-chain hydrocarbr.md 2585 =
Long-chain hydrocarbond 2849 5

a Concentration estimates not available — see text.
bKnown system contaminant.
¢ Substance is similar but not identical to the listed compound.

d Background scans at 2106, 2342, and 2431 show the presence of long-chain
hydrocarbons in the background "hump.”
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TABLE 11 Tentative Identification of Substances in Environmental Sample
HTA019606S01

Scan Concentration
Tentative Identification Number  Purity (ng/kg)?
2-pentanone, 4-hydroxy-4-methyl® 423 898 —
1,3,5,7-cyclooctatetraene® 489 973 —
2-hexanone, 6-acetyloxy® 528 713 —
5-hexene-2-one, 5-methyl® 583 881 —
3-heptanone, 2,4-dimethyl® 657 798 —
3-undecene, 6-methyl-,(E)- 722 803 580
Propanoic acid, 2-methyl-1,1-(1,1-dimethylethyl)-2- 1542 993 —
Methyl-1,3-propanediyl ester®
Pentadecanoic acid 1799 834 490
Butanoic acid, 3,7-dimethyl-6-octenyl ester 1813 839 260
Long-chain hydrocarbon 1818 — 140
1,2-benzenedicarboxylic acid, butyl-8-methylnonyl ester 1843 598 1640
9-octadecenoic acid (Z)- 1908 750 1800
Hexadecanoic acid 1925 T 2700
Hexanedioic acid, bis(2-ethylhexyl) ester® 2215 877 —
Pctadecane, 1-(ethenyloxy)-¢ 2265 913 3500
1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester 2302 960 860
Long-chain hydrocarbon 2399 — 2700
Octadecane, 1-(ethenyloxy)-¢ 2583 843 18000
Long-chain hydrocarbon 2842 — 6500

aRounded to two significant figures.
b Known system contaminant.

¢ Substance is similar but not identical to the listed compound.
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TABLE 12 Tentative |dentification of Sub!
HTA020603R01

Tentative Identification

2-pentanone, 4-hydroxy-4-methyl®

Heptane, 2,3-dimethy®

Octane, 4-methylP

Heptane, 4-(1-methylethyl)-

2-heptanol, acetate®

5-hexen-2-one, 5-methyl®

3-heptanone, 2,4-dimethylP

Propanoic acid, 2-methyl-1-(1,1-dimethylethy|)
-2-methyl-1,3-propanediyl ester?

Long-chain hydrocarbon

1,2-benzenedicarboxylic acid, butyl-2-methylpropyl ester

2-dodecanal

Hexadecanoic acid

Long-chain hydrocarbon

Long-chain hydrocarbon

Hexanedioic acid, bis(2-ethylhexyl) ester

Octadecane, 1-(ethenyloxy)-¢

1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester

Long-chain hydrocarbon

Long-chain hydrocarbon

Long-chain hydrocarbon

Long-chain hydrocarbon

Long-chain hydrocarbon

Long-chain hydrocarbon

stances in Environmental Sample

Scan Concentration
Number  Purity (ng/kg)?
426 884 —
437 947 —
449 968 —
460 908 —
528 690 —
581 880 —
658 803 —
1542 861 —
1659 — 370
1842 918 560
1906 786 320
1922 806 820
1952 — 230
2014 — 630
2213 871 2200
2264 843 870
2302 874 850
2368 — 780
2398 — 510
2576 — 1600
2838 — 1000
2849 — 820
3238 — 310

aRounded to two significant figures.

b Known system contaminant.

¢ Substance is similar but not identical to the listed compound.
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TABLE 13 Tentative Identification of Substances in Environmental Sample HTA037606S01

Tentative Identification Scan Concentration
(priority pollutants in boldface) Number  Purity (ngrkg)?
2-pentanone, 4-hydroxy-4-methylP 423 896 —
2-heptanol, acetateP 527 686 —
5-hexene-2-one, 5-methyl® 582 878 —
Cyclohexene, 3-methylene-6-(1-methylethyl)- 629 965 560
3-heptanone, 2,4-dimethyl® 656 810 —
Benzoic acid 959 —£ 715
Benzeneacetic acid 1089 937 550
1-H-cyclopenta([1,3]cyclopropa[1,2]benzene, 3a,3b,4,5,6,7- 1222 863 260
hexahydro-3,7-dimethyl-4-(1-methylethyl-,
[3aS-(3a alpha, 3b beta, 4 beta, 7 gamma, 7aS")]-(-)-
1-H-cyclopenta[1,3]cyclopropa[1,2]benzene, octahydro- 1280 838 450
7-methyl-3-methylene-4-(1-methylethyl)-,
[3aS-(3a alpha, 3b beta, 4 beta, 7 gamma, 7aS)]-(-)-
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene- 1323 790 190
Naphthalene, decahydro-4a-methyl-1-methylene-7- 1412 826 300
(1-methylethenyl)-, [4aR-trans]-
Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl- 1425 823 290
1-(1-methylethyl)-, (1 alpha, 4a alpha, 8a alpha)-d
Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl- 1446 858 360
4-methylene-1-(1-methylethyl)- (1 alpha, 4a alpha,
8a alpha)-
Naphthalene, 1,2,4a,5,8,8a-hexahydro-4,7-dimethyl- 1455 874 340
1-(1-methylethyl)-, (1 alpha, 4a beta, 8a alpha)-(+-)-
Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl- 1475 836 130
1-(1-methylethyl)-, (1 alpha, 4a alpha, 8a alpha)-d
Propanoic acid, 2-methyl-1-(1,1-dimethylethyl)-2- 1542 932 —
methyl-1,3-propanediyl ester®
Long-chain hydrocarbon 1657 — 240
Tridecanal 1675 813 210
Tetradecanoic acid 1730 697 330
Unknown phthalate 1842 - 723
Hexadecanoic acid 1926 739 2900
2-hexadecen-1-0l,3,7,11,15-tetramethyl-[R-[R,R-(E)]]- 2039 762 840
9,12-octadecadienoic acid (Z,Z)- 2054 921 2400
Octadecanoic acid 2071 809 850
Octadecane, 1-(ethenyloxy)-4 2150 858 1100
Long-chain hydrocarbon 2155 — 770
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TABLE 13 (Cont.)

Tentative ldentification
(priority pollutants in boldface)

Hexanedioic acid, bis(2-ethylhexyl) ester?
Octadecanald

Octadecane, 1-(ethenyloxy)-4
Octadecanald

Long-chain hydrocarbon

1-octadecanol

Long-chain hydrocarbon

Long-chain hydrocarbon

Scan Concentration
Number  Purity (ng/kg)?
2214 875 —
2230 805 1300
2266 921 5700
2288 781 980
2399 — 4100
2587 856 21000
2844 — 7200
2865 — 16000

aRounded to two significant figures.

b Known system contaminant.

¢ Low purity; substance detected only by single ion monitoring; see text.

d Substance is similar but not identical to the listed compound.
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TABLE 14 Tentative Identification of Substances in Environmental Sample
HTA038601S01

; Scan Concentration
Tentative I|dentification Number  Purity (ngrkg)?
2-pentanone, 4-hydroxy-4-methyl® 421 893 —
2-heptanol, acetate® 527 687 —
5-hexene-2-one, 5-methyl® 583 877 —
3-heptanone, 2,4-dimethyl® 656 788 —
Propanoic acid, 2-methyl-1-(1,1-dimethylethyl)-2- 1542 932 —
methyl-1,3-propanediyl ester?
Long-chain hydrocarbon 1659 —_ 240
Pentadecanoic acid 1799 853 420
2-pentadecanone, 6,10,14-trimethyl- 1818 751 180
Unknown phthalate 1842 — 1100
Long-chain hydrocarbon 1908 — 1400
Long-chain hydrocarbon 1915 — 790
Hexadecanoic acid 1926 739 2000
Hexanedioic acid, bis(2-ethylhexyl) ester® 2214 876 —
1-octadecanol® 2264 839 2200
Long-chain hydrocarbon 2398 - 1100
1-octadecanol® 2584 852 18000
Long-chain hydrocarbon 2843 — 6000

2 Rounded to two significant figures.
b Known system contaminant.

¢ Substance is similar but not identical to the listed compound.
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TABLE 15 Tentative \dentification of Substances in Environmental Sample HTA056593S01

Scan Concentration
Tentative Identification Number  Purity (ng/kg)?

//

2-pentanone, 4-hydroxy-4-methy|b 420 907 —
Heptane, 2,3-dimethyl-® 435 903 —
Octane, 4-methyl-® 448 891 —
2-hexanone, 6-(acetyloxy)-® 531 702 —
Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl 564 980 1500
5-hexene-2-one, S5-methyl® 584 855 —
3-heptanone, 2,4-dimethylP 659 787 —
Propanoic acid, 2-methy|-1-(1,1‘dimelhy|ethyl)-2- 1542 932 —
methyl-1,3-propanediy! ester?
1-H-cyclopenta(1 ,3]cyclopropa(1,2]benzene, 3a,3b,4,5,6,7- 1225 903 350

hexahydro-3,7-dimethy|-4-(1-methylethyl-,
[3aS-(3a alpha, 3b beta, 4 beta, 7 gamma, 7aS*)]-(-)-
1-H-cyclopenta[1,3]cyclopropa[1,2]benzene, octahydro- 1282 928 340
7-methyI-3-methylene-4-(1-methylethy!)-,
[3aS-(3a alpha, 3b beta, 4 beta, 7 gamma, 7aS*)]-(-)-

Naphthalene, decahydro-4a-methyl-1-methylene-?« 1415 825 380
(1-methylethenyl)-, [4aR-trans]-
Naphthalene, 1,2,3,4,4a.5,6,8a-oc!ahydro-7-melhy|- 1448 855 370
4-methylene-1-(1-methylethyl)- (1 alpha, 4a alpha,
8a alpha)-
Naphthalene, 1,2,4a,5,6.Ba-hexahydro-4,7-dimethy|- 1476 853 150
1-(1-methylethyl)-, (1 alpha, 4a alpha, 8a alpha)-¢
Propanoic acid, 2-methy|-1-(1,1-dimethy|elhy|)-2- 1542 932 —
methyl-1,3-propanediyl ester?
Pentadecanoic acid 1800 823 290
2-pentadecanone, 6,10,14-trimethyl- 1820 778 180
Unknown phthalate 1844 — 160
Hexadecanoic acid 1926 781 710
Hexanedioic acid, bis(2-ethylhexyl) ester® 215 827 —
Octadecane, 1-(ethenyloxy)-© 2268 898 3500
Long-chain hydrocarbon 2401 — 3600
1-octadecanol 2585 773 5100
Long-chain hydrocarbon 2845 s 3000
Long-chain hydrocarbon 2865 — 21000

aRounded to two significant figures.
b Known system contaminant.

¢ Substance is similar but not identical to the listed compound.
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TABLE 16 Tentative Identification of Substances in Environmental Sample
HTA056593S022

Tentative Identification Scan
(priority pollutants in boldface) Number  Purity
2-hexanone, 6-acetyloxy® 537 695
5-hexen-2-one, 5-methylP 590 863
3-heptanone, 2,4-dimethylP 664 727

1H-cyclopenta(1,3]cyclopropal[1,2]benzene, 3a,3b,
4,5,6,7-hexahydro-3,7-dimethyl-4-(1-methylethyl)-,

[3aS-(3a alpha, 3b beta, 4 beta, 7 alpha, 7aS*)]-(-)- 1227 874
1H-cyclopenta(1,3]cyclopropa[1,2]benzene, octahydro-
7-methyl-3-methylene-4-(1-methylethyl)-,[3aS-

(3a alpha, 3b beta, 4 beta, 7 alpha, 7aS")]- 1285 729
Naphthalene, 1,2,3,4,5a,5,6,8a-octahydro-7-methyl-4- 1451 841
methylene-1-(1-methyl)
Propanoic acid, 2-methyl-1,1-(1,1-methylethyl)-2-methyl|- 1548 915
1,3-propane
N-nitrosodiphenylamine 1577 —
Oxirane, tetradecyl- 1681 795
Tetradecanoic acid 1739 832
Pentadecanoic acid 1808 805
Unknown phthalate 1849 —
9-hexadecenoic acid 1917 824
Hexadecanoic acid derivative 1924 642
Hexadecanoic acid 1934 837
1,14-tetradecanediol 2059 785
Long-chain hydrocarbon 2155 —
Long-chain hydrocarbon 2158 —
Hexanedioic acid, bis(2-ethylhexyl) ester®:d 5 2213 871
Hexanedioic acid, bis(2-ethylhexyl) ester®:d 2220 862
Octadecane, 1-(ethenyloxy)-4 2271 912
1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester 2308 958
Long-chain hydrocarbon 2334 —
Octadecane, 1-(ethenyloxy)-9 2407 917
1-octadecanol 2591 863
Long-chain hydrocarbon® 2852 —

a Concentration estimates not available — see text.

b Known system contaminant.

¢ Low purity; substance detected only by single ion monitoring; see text.
d Substance is similar but not identical to the listed compound.

e Background spectra at scan numbers 2038 and 2439 show the presence of long
chain hydrocarbons in the background "hump."
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TABLE 17 Tentative \dentification of Substances in Environmental Sample

HTA059601S502

Tentative Identification Scan Concentration
(priority pollutants in boldface) Number  Purity (ng/kg)?
2-pentanone, 4-hydroxy-4-methylb 426 891 —
Heptane, 2,3-dimethyl-® 434 794 ==
Octane, 4-methyl-® 448 964 —
Heptane, 4-(1-methy|talhyl)-tJ 459 908 —
2-hexanone, 6-(acetyloxy)-" 529 690 —
5-hexene-2-one, 5-methylP 583 876 —
3-heptanone, 2 4-dimethyl° 658 799 —
Benzolc acid 963 —£ 990
Propanoic acid, 2-methy|-1-(1.1-dimethy|ethy|)-2- 1543 725 —
methyl-1,3-propanediy! ester®
Tetradecanoic acid 1694 793 520
Phenanthrene 1767 — 45
Pentadecanoic acid 1805 825 1600
Unknown phthalate 1842 — 2900
Long-chain hydrocarbon 1915 — 5600
Long-chain hydrocarbon 1922 — 4000
Hexadecanoic acid 1930 780 4400
Fluoranthene 2019 — 91
Pyrene 2059 —£ 79
Hexanedioic acid, bis(2-ethylhexyl) ester? 2216 874 —
Octadecane, 1-(eth¢5nyloxy)-d 2266 901 2900
Long-chain hydrocarbon 2400 — 1800
1-octadecanol 2588 875 23000
Long-chain hydrocarbon 2847 — 7800
Octadecane, 1-(e(heny|oxy)-d 2857 782 6300

aRounded to two significant figures.
b Known system contaminant.
¢ Low purity; substance detected only by single ion monitoring; see text.

d Substance is similar but not identical to the listed compound.
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HTA979682S01 and HTA056593S02 (Tables 10 and 16) because internal standards were not
added to the sample extracts. These samples were the first two samples run, and it was feared that
the addition of several internal standards might mask an important peak.

Trace amounts of one or more priority pollutants were detected in three of the eight samples
examined. In no case did the detected priority pollutant correspond to an identifiable peak in the
total ion chromatogram,; all priority pollutant identifications were made solely on the basis of the
detection of the corresponding key molecular ions in some scan during the analytical run through
the use of a highly sensitive mass-spectrometric technique called "single-ion monitoring." The
corresponding mass spectra were visually examined, and all were found to be inaccurate because
of the very low concentrations involved. The spectra were visually compared with the authentic
mass spectra, and in each case, it was considered likely that a trace amount of the contaminant was
indeed present. These identifications must, however, be regarded as unconfirmed.

The distinct peaks in the total ion chromatograms that could be tentatively identified all
corresponded to either high-molecular-weight organic compounds typical of those found in plant
matter or known system contaminants. These system contaminants originate during the the
presence of an intense ultrasonic field. The system contaminants are not present in the original
sample and should be ignored. In some cases, the exact substance could not be identified, but the
general chemical class to which it belongs could be found from the mass spectrum. For example,
the mass spectra of long-chain hydrocarbons have very distinct characteristics, but it can be very
difficult to distinguish one long-chain hydrocarbon from another, particularly if the unknown
substance is present only in small amounts.
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6 Discussion and Evaluation

This section discusses the results obtained during this investigation. The results are
evaluated with reference to the program objectives described in Section 1.4.

6.1 Short-Term Health Effects

The reviews of the available data on health effects revealed no information on the threshold
concentrations of either CS or fog oil aerosol. The threshold concentration is the concentration
below which no short-term health effects would be detectable even in sensitive individuals. The
principal problem is that no experimental or epidemiological studies exist that examine effects on
individuals who are not expected to be exposed under normal circumstances but who may be much
more susceptible than those targeted in the existing studies. Individuals who might be more
susceptible to respiratory effects from either CS or fog oil aerosol include the very young, the
elderly, and people who already suffer from a respiratory problem (such as asthma or
emphysema). Such individuals are present within the civilian population, but they are generally
not found in the occupational settings that have been examined in the existing studies.

The lowest CS concentration used in tests, approximately 0.1 mg/m3, was still considered
intolerable by some test subjects. The CS threshold concentration must be considerably lower than
this value, perhaps by more than a factor of ten. It is possible to construct training scenarios
involving the release of the CS contained in a single grenade that would produce CS concentrations
of 0.1 mg/m3 in populated off-post areas. However, these scenarios all involve the use of CS
within a valley having a direct exit to an off-post area and under meteorological conditions in which
the dispersion of airborne contaminants is greatly reduced. These conditions occur during
nighttime and early morning hours, particularly in the absence of cloud cover. The generation of
drainage flows in mountain valleys under these conditions is a common occurrence. Such flows,
in combination with suppressed vertical dispersion, could result in significant off-post
concentrations of CS from a single grenade. However, if the CS cloud must be transported across
a ridge or other elevated topographic feature, it must be carried by the general synoptic wind; a
drainage flow will not cause this type of transport. The flow of wind over complex terrain (such
as that at CMTC) is known to greatly enhance the dispersion of any airborne contaminant and to
greatly reduce its concentration.

If the current operational guidelines for the use of CS are strictly followed, in particular if
CS is not used within 1250 m of the post boundary and not in the vicinity of the town of
Hohenburg, it does not seem likely that CS will be transported off-post in concentrations large
enough to have adverse health effects in even the most sensitive individuals. This assessment
cannot be supported, however, by either the necessary health effects data (which do not exist), by
atmospheric modeling results (which cannot be produced at the current state-of-the-art), or by
extensive atmospheric monitoring results (which have not yet been obtained). This assessment is
based solely on the current qualitative understanding of atmospheric transport and dispersion
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processes in complex terrain and on the assumption that the CS threshold concentration is within
perhaps a factor of 0.01 of the lowest concentration for which exposure tests have been carried
out.

Under some circumstances, the potential exists for sensitive individuals in off-post areas to
experience short-term respiratory effects as a result of exposure to fog oil aerosol. This
assessment is based on a comparison of estimated fog oil concentrations generated within CMTC
during training exercises with respect to ambient air quality and occupational exposure standards
established in the United States. The current U.S. National Ambient Air Quality Standards for
particulate matter less than 10 um in diameter are a 24-h average value of 0.150 mg/m3 and an
annual average value of 0.05 mg/m3. These standards are intended to protect the public and are
determined by the concentrations at which health effects are observed in sensitive individuals. The
U.S. Occupational Safety and Health Administration 8-h standard for occupational oil mist
exposure is 5 mg/m3, a level determined on the basis of reports of noticeable discomfort in some
individuals at somewhat higher levels. Since this is an occupational exposure standard, it is not
necessarily determined on the basis of effects seen in sensitive individuals, and such individuals
might be expected to notice respiratory discomfort at levels lower than 5 mg/m3. Finally, estimates
of the fog oil aerosol concentration within a targeted area in CMTC when the aerosol is uniformly
distributed within the target valley range from 1 to 2 mg/m3 for a large training exercise.

On the basis of a comparison of these values, it appears that if fog oil is used near the
CMTC boundaries, and in particular in a valley with a direct connection with off-post areas, then it
is possible that civilian exposure to fog oil aerosol may result in noticeable short-term respiratory
effects in sensitive individuals. However, as in the case of CS, if the current operating guidelines
with respect to fog oil usage are strictly followed, it seems unlikely that fog oil aerosol will be
transported off-post in high enough concentrations to produce noticeable respiratory effects. This
assessment is based on the same type of considerations on which the CS assessment was based,
specifically on the qualitative understanding of transport and dispersion in complex terrain and on
the assumption that off-post fog oil aerosol concentrations will not exceed an assumed threshold
value of approximately 0.1 mg/m3.

6.2 Long-Term Health Effects

As in the case of short-term health effects, the information necessary to make a direct
assessment of the health effects in the local civilian population associated with long-term exposure
to fog oil or CS aerosol is not currently available. In particular, an accurate measure of the
population's exposure to these airborne substances is not available, and no information exists on
the effects of long-term, low-level exposures to CS.

The exposure of the local civilian population to fog oil would take place entirely via the
inhalation of airborne aerosol. However, on the basis of occupational exposures to oil mists at
much higher concentrations, no epidemiological evidence exists that the inhalation of such aerosols
over a long period causes lung cancer3 (see also Appendix B), even when the oils in question are
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believed to be carcinogenic upon long-term repeated derma} exposure. In addition, the fog oil
currently used by the U.S. Army has been subjected to an additional _reﬁmng step tha‘t removes the
substances, primarily aromatic hydrocarbons, believed to be responsible for the carcinogenicity of
petroleum oils. Because of this additional step, no long-term health effects. should be cxpecte-d,
except that it is a common practice to mix diesel fuel with the fog oil prior to use s0 tl?at its
viscosity on cold days is reduced. This practice essentially circuxpvents 'the §pcc1al processing of
the fog oil by reintroducing aromatic hydrocarbons. Even with this practice, it seems unlikely that
long-term exposure of the civilian population around CMTC would result in any noticeable health
effects, but an evaluation of the potential health effects resulting from this practice has not yet been

made.

Because of the nature of the oil, the analysis of the fog oil samples (including those which
are believed to contain diesel fuel) for priority pollutants at low concentrations could not be carried

out.

An alternative approach to assessing the likelihood of long-term health effects is presented
in Appendix B. In this approach, if the concentration of several polynuclear aromatic
hydrocarbons in the oil being used is known or assumed, and if a long-term average exposure level
to fog oil aerosol is also assumed, then the additional risk of cancer in the surrounding population
may be estimated. Even on the basis of very conservative assumptions, the lifetime risk of
someone contracting cancer from fog oil exposure is far below one part in a million, the threshold
value frequently used in risk assessments in the United States.?

6.3 Environmental Issues at CMTC

On the basis of the detection limits associated with the analytical procedures used, any
amount of fog oil or OCB present over a wide area must be present at concentrations less than
approximately 11 ppm in soils and 5 ppm in sediments. No fog oil or OCB was detected in any
environmental sample collected during the field sampling and analysis program. The absence of
detectable amounts of fog oil can be attributed to a combination of the low deposition rate (see
Appendix B) and the operation of various physical, chemical, and biological processes that would
reduce further any already low environmental fog oil concentrations. On the basis of the measured
deposition velocities for fog oil aerosol, it is clear that virtually all the fog oil that is emitted during
training exercises remains airborne and is dispersed and transported downwind. Similar
considerations indicate that the ultimate fate of CS aerosol emitted during training exercises is the
same as that of fog oil. The extent to which CS aerosol can be removed from the air by water in
the form of fog, mist, or rain is unknown.

. The analysis of selected soil and sediment samples for priority pollutants also indicates that
no widespread contamination exists within the training areas at CMTC. Trace amounts of one or
more priority pollutants were found in three out of the eight samples examined (see Tables 10-17).
Two of the samples were collected seven days apart at exactly the same location, as far as it was
possible to determine. No priority pollutants were detected in the first sample, but a trace amount
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of N-nitrosodiphenylamine was detected with a reasonable level of confidence in the second
sample. The origin of this material is obscure. Very small quantities of three PAHs
(phenanthrene, fluoranthene, and pyrene) were detected in one sample (HTA059601S02; see
Table 17). In this case, it is possible that the sampling site might coincide with an old spill of a
minor amount of oil from a vehicle used during some exercise. Phenanthrene and fluoranthene are
not considered to be carcinogenic, and pyrene is considered to be only weakly carcinogenic (see
Table B.4, Appendix B).

In all cases, the priority pollutants detected did not form identifiable peaks in the gas
chromatograms, but they were detected solely by the presence of certain key molecular ions in one
of the mass spectra taken once a second during the analytical runs. The amounts of pollutants
found are extremely small and present no environmental concerns, particularly since no evidence of
widespread contamination was found. Two of the three samples were taken from study area 3,
and the other from study area 2, but an insufficient number of samples were used to allow any
conclusions to be made about the degree to which one area is contaminated relative to another.

Although no fog oil or OCB was found in the environmental samples, many of the
chromatograms obtained during the analyses are rather complex, and a large number of substances
are clearly present in those samples. In fact, the complexity of these chromatograms and the desire
to try to identify the substances responsible were the original reasons for analyzing these samples
using GC/MS methods. Evidence indicates that these substances may have originated from plant
matter in the samples, not as a result of any anthropogenic activity. First, the chromatograms are
visually similar to those obtained from plant samples, as can been seen by examining the
chromatograms shown in Appendix E. Second, the chemical nature of those substances for which
a tentative identification could be obtained is consistent with a plant origin. Many of the identified
compounds are long-chain fatty acids of the type common to plants and that arise from plant lipid
metabolism. 10 .

Finally, there is a clear correlation between the complexity of the chromatogram and the
sampling location, and this correlation is consistent with a plant origin for the bulk of the
chromatographic peaks. Table 18 presents the same data provided in Table 7, but the data are
arranged in order of decreasing total integrated area, which is taken as a measure of sample
complexity as described in Section 5.2. The correlation of the sample complexity with the sample
environment is obvious, as is the correlation of sample complexity with the color of the extract
produced by the sample workup procedure. These correlations are confirmed to a very high level
of confidence by the use of the Rank Sum statistical test.11 Forest soil samples are systematically
more complex than are valley soil samples, as expected, and sediment samples have apparently had
most of the plant matter washed out during rainfall events, also as expected. No statistically
significant correlation exists between sample complexity and the study area in which the sample
was collected.
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TABLE 18 CMTC Soil and Sediment Samples Arranged by Integrated
Area

Description

Sample Study Total

Code Environment  Area Sample Area? Extract Color
021610 Forest 1 So1 28.6 deep yel-grn
037606 Forest 2 so1b 19.1 med yel-grn
056593 Forest 3 So1b.c 16.8 med yel
038601 Valley 2 S01P qie5 yel-grn
056593 Forest 3 S02b.¢ 11.4 deep yel
023604 Forest 1 So1 10.6 deep yel-grn
059601 Valley 8 so2b.d 10.2 deep yel-grn
059601 Valley 3 so1d 8.87 med yel
036605 Sediment 2 Ro2° 8.82 deep yel-grn
056603 Valley 3 So1 8.60 deep yel-grn
036605 Sediment 2 Ro1® 8.38 deep grn
019606 Valley 1 so1b! 7.86 med yel-grn
066598 Forest 3 So1 757 med yel-grn
979679 Valley Cc soib .27 med yel
979682 Forest (0] So1 7.24 med yel
016616 Valley 1 So19 6.99 med yel-grn
018597 Valley 1 So1 6.37 med yel-grn
987671 Valley Cc So1 5.17 med yel
019606 Valley 1 so3h 4.65 med yel-grn
061596 Valley 3 soti 3.99 v. pale yel
019606 Valley 1 so2!h 3.48 med yel-grn
033606 Valley 2 So1 3.17 med yel-grn
016616 Valley 1 S029 2.58 med yel-grn
043597 Sediment 2 RoO1 2.53 med yel-grn
061596 Valley 3 so2i 2.49 v. pale yel
977673 Sediment Cc RO1 1.80 pale yel
020603 Sediment 1 Ro1b 1.64 pale yel
065585 Sediment 3 Ro1 1.58 pale yel
096600 Sediment — RoO1 1.05 pale yel
062592 Sediment 3 RoO1 1.01 v. pale yel
073624 Sediment — RO1 0.887 clear
056624 Sediment — Ro1 0.415 clear
020608 Sediment 1 Ro1 0.167 clear

aSee text for definition.
b Samples chosen for GC/MS analysis.

cdi Samples taken at same location seven days apart.
@ Duplicate sediment samples.

9!/ Samples taken at same location three days apart.

h Duplicate soil samples.
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7 Conclusions and Recommendations

The conclusions of the CMTC fog o0il/CS study are as follows:

. Short-term respiratory effects on the local civilian population due to exposure to

CS aerosol are almost certainly negligible under current operating guidelines,
but crucial health effects data (at low concentrations and for potentially sensitive
individuals) are not available.

The potential may exist for short-term respiratory effects from exposure to fog
oil aerosol to occur in sensitive individuals in off-post areas under extreme
circumstances. The conditions under which this may occur involve the use of
fog oil near the post boundary or in a valley having a direct topographic
connection to off-post areas and under meteorological circumstances that favor
the generation of drainage flows.

. Health effects due to long-term exposure to fog oil aerosol are negligible, but

the evaluation is complicated somewhat by the practice of mixing diesel fuel
with the fog oil, thereby introducing varying amounts of aromatic hydrocarbons
into the oil actually used in the field. It does not seem likely that this practice
would produce noticeable health effects in the local civilian population, but this
possibility has not been thoroughly evaluated.

. No detectable amounts of fog oil or the CS degradation product OCB are

present in the soils and sediments or on the vegetation within the heavily used
training areas at CMTC; by implication, these substances are also not expected
to be detectable in soils, sediments, or vegetation anywhere else, either on-post
or off-post.

. No widespread contamination exists in the soil within the training areas at

CMTC by substances classified as semivolatile priority pollutants by the
U.S. Environmental Protection Agency. Trace quantities of one or more
priority pollutants were tentatively identified in three of eight samples, but the
concentrations involved were very low and posed no environmental or health
hazard.

the basis of these conclusions, the following recommendations are made:

. The risk to the health of local citizenry associated with the practice of mixing

diesel fuel with fog oil prior to smoke generation should be evaluated. Because
of the minimal risks to health that are expected on the basis of an initial
evaluation, this practice can be allowed to continue while the risk assessment is
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in progress. An alternative method of reducing the oil viscosity on cold days
that does not introduce potentially toxic materials into the oil should be sought if
the risk assessment shows that the risks from this use of diesel fuel are

appreciable.

. All valleys having a downward-sloping topographic connection with off-post
areas should be identified and made off-limits for smoke generation and CS

usage.

_ Current CS usage restrictions should be continued and strictly observed.

. Current restrictions on the generation of fog oil smoke within 1,250 m of the
post boundary and within a larger distance near the town of Hohenburg should
be continued and strictly observed.
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Appendix A: Nature and Effects of CS
and Its Hydrolysis Products

A.1 Introduction

A highly irritating but not very lethal organic compound, CS was originally employed by
the British as an antiriot agent in Cyprus in the late 1950s. It was adopted for similar purposes by
the U.S. National Guard in the late 1960s and by the U.S. Army for tunnel denial during the
Vietnamese War.

More recently, the U.S. Army has used CS as a training agent to enforce the use of gas
masks. The compound, named after its discoverers, B.B. Corson and R.W. Stoughton,! was first
synthesized in 1928. It may be dispersed as a silanized powder (CS2) or more efficiently through
thermal generation. In the latter case, hot CS vapor pressure rapidly condenses to particles of less
than one micrometer in diameter.2 The vapor pressure of CS is sufficiently low that, following
thermal generation, clouds of the compound consist mainly of particulate matter, rather than vapor,
until the particles have dispersed to a considerable extent.

In training exercises, CS is usually generated from a number of M7A3 grenades, each
containing 4.5 oz (127.6 g) of pelletized CS and 7.35 oz (208.4 g) of burning mixture;3 the latter
mixture supplies heat for vaporizing the CS. When the CS vapor cools, it condenses to an aerosol
within 2-3 cm of the grenade's emission holes.4

A.2 Structure, Nomenclature, and Registry Numbers

The structure of CS is as follows:

H
| CN
(C—=—=
Len
Cl

Molecular weight = 188.62

Molecular formula = C;gHsCl Np
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The current Chemical " Abstracts nomenclature for CS is propanedi.nitrile
(2-chlorophenylmethylene). Several other names are to be found in the literature, including the
following:

1, 1-d.icyano-2-(2-chlorophenyl) ethylene,

ortho-chlorobenzylidenemalononitrile,

o-chlorobenzylidenemalononitrile,

2-chlorobenzylidenemalononitrile,

o-chlorobenzalmalononitrile,

2-chlorobenzalmalononitrile,

o-chlorobenzylidinemalonic nitrile, and

beta, beta-dicyano-o-chlorostyrene.

The Chemical Abstracts registry number for CS is 2698-41-1; that for propanedinitrile
(chlorophenylmethlyene), namely the compound with the chlorine position unspecified, is 18270-
61-6. There are no registry numbers for isotopically labeled CS. The number from the Registry of
Toxic Effects of Chemical Substances, 1989 edition,® is 003675000.

A.3 Physicochemical Properties
Physical form:5 colorless or slightly tinged solid
Melting point:> 95-96°C
Estimated log (octanol/water partition coefficient):d 1.26
Estimated log (soil organic carbon/water partition coefficient):> 1.20

Estimated solubility in water:5 5.4 g/L at 25°C (CS is quite soluble in boiling
solvents such as methanol [333 g/L], isopropy! alcohol [417 g/L], or acetone
(714 g/L])
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Vapor pressure equation:’ log;oP(Pa) = 16.692 - 5582.7/T(K)
Vapor concentration equation: C(mg/m3) = 0.02269 P(Pa)/T(K)
Calculated saturated vapor concentration:

at20°C: 0.347 mg/m3

at25°C: 0.711 mg/m3
Wavelength of maximum absorbance in the ultraviolet region:2 298 nm
Molar absorptivity? at 298 nm: 1.86 x 10%

Infrared and mass spectra of CS have been determined.d

A.4 Synthesis and Reactions of CS

CS is best synthesized by condensing o-chlorobenzaldehyde with malononitrile in 30%
aqueous ethanol or 30% aqueous isopropyl alcohol at pH 6.5 and 50°C.5 This condensation
reaction is reversed when CS is put in dilute aqueous solution; that is, CS hydrolyzes readily to
malononitrile and o-chlorobenzaldehyde. In seawater at pH 7.8-7.9, an experimental half-life of
14.5 min was observed.® A temperature-dependent, rate equation was derived:8
log kobs (s-1) = 12.31 - 4568/T. This calculation gives half-lives of 21.6 min at 20°C and
11.8 min at 25°C. Hydrolysis rates increase with increasing pH.5 Nucleophilic reagents exhibit
facile addition across the ethylenic bond; moreover, it has been suggested that the interaction of CS
with amino and sulfhydryl functions (acting as nucleophiles) in proteins might be related to the
compound's physiological activity.

A.5 Sampling and Analysis of CS

In the vapor state, CS could be analyzed by gas-liquid chromatography down to a detection
limit of 0.01 mg/m3 with a tritium-source electron capture detector and (it would seem) a
considerably lower detection limit with a flame ionization detector. A 5.5-ft x 0.25-in. outside-
diameter (0.d.) glass column packed with 10% QF-1 on 60/80 mesh Gas-Chrom Q was used.?

Near a CS aerosol generator, such as a grenade, particle concentrations of the solid
compound are sufficiently high that relatively little is in vapor form, and relatively little would be
lost by evaporation from a filter used to trap the particles. Thus, in such circumstances, collection
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ber filter mat followed by dissolution in a suitable solvent, such as
absolute ethanol, is sufficient for sampling.10 Sample collection i'n the vicinit.y of the Thresl.u;ld
Limit Value (TLV =0.4 mg/m3, see below), however, rpust deal with both particles agd vapl?r, Qr
example, the saturated vapor concentration at 20°C is calc_ulated as 0.347 mg/rr? , so that a:r
containing CS at the TLV would carry both vapor and particulate maFter. For thllf reason, the
National Institute of Occupational Safety and Health (NIOSH) collection me{hod uses both a
Teflon™ filter and Tenax-GC sorbent in its sampling train; these are exFracted with a 20% solution
of methylene chloride in hexane. The range of concentrations over which the NIOSH method was

tested is 0.147 t0 0.82 mg/m3. The detection limit was estimated to be at least 0.3 g per sample.

from an air stream on a glass fi

Analysis of such extracts can be carried out by gas-liquid chromatograpt.ly (.sce .above) \‘»vith
0.1 mg detectable by tritium-source electron capture and 0..002 mg by ﬂame ionization. ngh-
performance liquid chromatography (HPLC) with an ultraviolet absorpthn detector is used in tt}e
NIOSH method,!! which is applicable at least down to half the TLV (i.e., 0.2 mg/m3). CSin
relatively clean extracts can be analyzed directly by using ultraviolet Spectroscopy at the absorption
maximum (about 298-302 nm).2:5 Colorimetric methods for CS are less sensitive, but they may
be of value in some situations. Useful colorimetric methods include color development with
formaldehyde and sulfuric acid to produce a yellow color,’ treatment with benzofurazan oxide in
alkaline solution to give a "distinct" violet absorption with a broad maximum at about 580 nm, 12
and reaction with alkaline sodium 1, 2-naphthoquinone-4-sulfonate to produce a violet-red
absorption showing a maximum at about 525-550 nm.10 The last two methods involve hydrolysis
of CS and reaction of the resulting malononitrile with a chromogen.

Analysis of soil extracts for CS was carried out by HPLC!3 in a manner similar to the
NIOSH method.!1

A.6 Mammalian Toxicology — Human Exposures

In humans, CS irritates sensory nerves in the skin and mucosa. It causes tearing, pain and
conjunctivitis in the eyes, irritation in the respiratory passages and lungs, burning sensations and
congestion in the nose and throat, runny nose, sneezing, coughing, salivation, chest constriction,
and a feeling of suffocation.5 Within minutes following cessation of CS exposure, there is relief
from all major effects, and after ten minutes, only moderate lacrimation (weeping), with some
redness of the eyes, remains. !4

Exposure of male volunteers to 0.1-1.7 mg/m3 of 0.8-um diameter CS-2 (CS treated with
Cab-o-sil 5 and hexamethyldisiloxane) for up to 10 min in a wind tunnel, or to 0.4-1.0 mg/m3 of
0.9-um diameter CS for up to 10 min in an exposure chamber, caused various degrees of
respiratory and eye irritation in all of the subjects.15 Of seven volunteers exposed to 0.4 mg/m3
(the lowest level) of CS in the chamber, four remained in the chamber for the full 10 min, while the
other three "found the agent intolerable” and left after 135, 420, and 435 s, respectively. Half the
subjects exposed to 0.1 mg/m3 of CS-2 left early. To the extent that they could open their eyes,
even briefly, none of the subjects in these tests suffered loss of visual acuity.
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Thirty-five subjects were exposed in a chamber to level or increasing doses of CS. Initial
doses ranged from 0.31 to 0.84 mg/m3, and final doses ranged from 0.74 to 2.30 mg/m3. Only
one subject quit before 55 min. The initial effects were very unpleasant, but after the first four or
five minutes, most found the symptoms more tolerable. The increased tolerance was also
demonstrated by the ability of the subjects to withstand increasing doses over time — from which
they would probably have retreated had they been exposed to such levels initially. No
abnormalities were noted in electrocardiograms, respiratory function, blood biochemistry, or
hematology. It was concluded that "the true effects of CS are [apparently] due to local irritation of
exposed nerve endings. Any systemic changes demonstrated are those due to stress and they
cannot be regarded as specific to CS."14

Men exposed to increasing levels of CS (in ranges between 0.16 and 4.4 mg/m3) were
evaluated with respect to ventilation, cardiac frequency, and breathing pattern while performing
exercise. All experienced intense discomfort on first exposure to the aerosol, including coughing,
lacrimation, and substernal pain; in most instances, these effects wore off within a few minutes.
Exercise cardiac frequency was no higher during exposure to CS than on the control days, once
adjustment was made for temperature differences. On average, ventilation minute volume was
reduced six percent by exposure to CS. At low doses, the reduction in ventilation minute volume
reflected diminished respiratory frequency; at higher doses, the reduction was attributable to a
reduction in total volume, accompanied by tachypnea (rapid breathing).16

Human eyes are about an order of magnitude more sensitive to CS than those of guinea
pigs and rabbits, as measures by blepharospasm (spasms of the orbital muscle of the eyelid). The
saline solution concentration that will cause blepharospasm in half of human test subjects (ECsq) is
0.604 mg/L.5 The ECsq for producing a stinging sensation in the cornea was over four times
lower.5 On initial exposures, CS irritates, stings, and reddens the skin. At high enough levels, it
can also induce allergic sensitization to subsequent exposures.5

A.7 Mammalian Toxicology — Experimental Animals

Small mammals have been exposed to CS orally, by inhalation, intravenously, and
intraperitoneally. Values of LDsq (the weight of CS per kilogram body weight that is lethal to half
of the test animals) and L(Ct)so (the product of CS aerosol concentration and time of exposure
resulting in death of half the test animals) were all relatively high, indicating low toxicity: oral
LDs in rabbits, guinea pigs, and rats ranged from 143 to 1366 mg/kg, while L(Ct)5q values in
guinea pigs, dogs, rats, mice, and monkeys ranged from 25,000 to 165,000 mg-min/m3. Results
of biochemical studies suggest that the breakdown of a small fraction of the administered CS to
cyanide, along with irritation, shock, and stress, may be responsible for the deaths.5 It appears
that CS is not carcinogenic, embryolethal, or teratogenic.
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A.8 Non-Mammaiian Toxicology

— concentration lethal to half the animals in the specified
time) to rainbow trout (Salmo gairdneri) at 15°, pH 7.1-7.4, and 290 .mg/L water hardness (as
CaCOs3) was determined in a constant-flow apparatus OVer exposure periods of 12-96 h. CS was
added to the water as a stock solution in ethyl alcohol, with exposures shortly thereafter, to
minimize hydrolysis. The LCso values were 1.28 mg/L at 12 h, 0.45 mg/L at 24 h, 0.42 mg{L.at
48 h, and 0.22 mg/L at 96 h. An equimolar mixture of the two hydrolysis products, malononitrite
and o-chlorobenzaldehyde, gave an LCsp of 1.17 mg/L at 48 h; this value was more than the
additive toxicities of the individual components (see below). The concentration level at which
these fish would tolerate CS for prolonged periods (one week or more) was estimated at

0.1 mg/L.17

The acute toxicity of CS (LCso

Static bioassays on mummichog (Fundulus heteroclitus [Linnaeus]), an estuarine fish, gave
higher values of LCs0 (e.g., 4.3 mg/L at 96 h), but such values probably represent effects of the
hydrolysis products of CS.18

No information has been found on the effects of CS on reptiles, amphibians, birds, or
invertebrate animals.

CS phytotoxicity was tested on three species of duckweed, an aquatic plant. There were
slight adverse effects in two of the species at an exposure concentration of 1 mg/L in water, and
there were definite effects in all three at 5 mg/L.>

A.9 Properties and Effects of CS Hydrolysis Products

A.9.1 Malononitrile
Alternative name:> Propanedinitrile
Chemical Abstracts registry number:6 109-77-3
Number from the Registry of Toxic Effects of Chemical S ubstances:6 003150000
Structure: NC-CH,-CN
Molecular formula: C3HN3

Molecular weight: 66.07
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Physical form:3 colorless white solid

Melting point:3 32°C

Boiling point:5 218-219°C

Estimated log Koy (octanol/water partition coefficient):3 0.079

Estimated log K¢ (soil organic carbon/water partition coefficient), method of Reference
19, Equation 4-11: 0.094

Solubility in water:5 130 g/L
Estimated vapor pressure at 25°C: 20.1 Pa (0.151 Torr)
Estimated vapor concentration at 25°C: 53 mg/m3

Malononitrile, a pseudo acid, dissociates measurably in water.20 Through the anion thus
produced, it dimerizes and trimerizes, in reactions accelerated by the presence of base, to the
following:3

NC-CHZ-C|=NH (CN)2C=(I:-CH 2CN
CH(CN)2 3 CH(CN)Z
Dimer Trimer

Oral LDsp, mouse:6 19 mg/kg
LCsp, 96-h, flow-through bioassay, trout:17 1.63 mg/L
LCsp, 96-h, static bioassay, mummichog:5 1.7 mg/L

The growth rate of the duckweed Lemna perpusilla, an aquatic plant, was reduced 10% by
1 mg/L of malononitrile, 59% by 5 mg/L, and 76% by 10 mg/L; concentrations of 50 mg/L or
more killed the plants.’
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A.9.2 o-Chlorobenzaldehyde

Alternative names:6 benzaldehyde, o-chloro; benzaldehyde, 2-chloro;

2-chlorobenzaldehyde
Chemical Abstracts Tegistry number:6 89-98-5

Number from the Registry of Toxic Effects of Chemical Substances:6 CU5075000

Structure:

O—=x
I
(@)

Cl

Molecular formula: C7HsClO

Molecular weight: 140.57

Physical form: liquid

Melting point:5 12.39°C

Boiling point:3 211.9°C, 84°C/10 Torr

Estimated log (octanol/water partition coefficient):> 2.59

Estimated log (soil organic carbon/water partition coefficient):5 2.45
Estimated solubility in water:3 0.56 g/L

Vapor pressure at 25°C:5 26.7 Pa (0.2 Torr)

Saturated vapor concentration at 25°C: 1512 mg/m3
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Although the environmental chemistry of o-chlorobenzaldehyde itself has not been studied,
Berkowitz et al. have reasonably surmised that this compound should behave like benzaldehyde;
like the latter, o-chlorobenzaldehyde should undergo photochemical air oxidation, proceeding
through the peroxyacid to o-chlorobenzoic acid.’

Intraperitoneal LDsg, mouse:6 10 mg/kg
Intravenous LDsp, rabbit:6 8.5 mg/kg
LCs0, 96-h flow-through bioassay, trout:17 2.45 mg/L

Mummichogs (Fundulus heteroclitus [Linnaeus]) were unaffected by 35 mg/L of
o-chlorobenzaldehyde.5 The growth rate of the duckweed Lemna perpusilla, an aquatic plant, was
reduced 7% by 1 mg/L or 5 mg/L o-chlorobenzaldehyde and 49% by 10 mg/L. Concentrations of
50 mg/L or more killed the plant.d

A.10 Standards

The Occupational Safety and Health Administration standard for air exposure to CS21 is a
Time Weighted Average (TWA) of 0.05 ppm or 0.4 mg/m3.

A.11 Significance and Fate of CS Aerosols

CS is dispersed thermally from an M7A3 grenade over a period of approximately 30 s to
provide particles of less than 1 pm in diameter. Initially, these particles form a dense cloud that
gradually grows in size as it travels downwind.

The particles are too small to settle out to any significant extent. If one assumes that all
127.6 g of the CS contained in a grenade are emitted, the compound must eventually be dispersed
in 319,000 m3 of air — for example, in a cube 68 m on a side — to reach the TLV level of
0.4 mg/m3 for CS. Exposure to this level of CS would cause considerable discomfort to human
populations downwind. On the basis of the human toxicological experiments reported above, it
would appear that the sensation threshold is well below 0.1 mg/m3, particularly for sensitive
individuals. It should be emphasized that concentrations far higher than the TLV would not cause
systemic toxic effects, only extremely unpleasant temporary effects. Exposures of downwind
populations are, in our opinion, most likely to occur under nighttime or early morning atmospheric
inversion conditions. One may ask whether fog might absorb CS from a cloud; if so, the absorbed
CS might be hydrolyzed. For aerosol clouds this is most unlikely, since it takes about an inch of
rainfall to remove half the CS from an aerosol cloud.5 It may be argued that the absorption of CS
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vapor (from low-concentration vapor plumes) by fog droplets could be a more rapid, more

efficient, process; this idea has yet to be examined in detail.

The ultimate fate of CS clouds generated in a hilly, partially wooded area at times when
such clouds may be affected by the presence of trees is not known. At leasta pornon of the CS
could undergo impaction/interception by trees while some would settle out. _Moxsture on damp
surfaces would dissolve some of that CS, which would then undergo hydrolysis. Analyses of soil
in disposal areas at the Chemtronics industrial site near Ashland, North Carolina,22 indicated that
intact CS can remain in the soil several years, accompanied by one of the hydrolysis products,
o-chlorobenzaldehyde; the other product, malononitrile, was not present. The absence of
malononitrile at that site could be due to its high water solubility or to its facile dimerization or

trimerization.

A.12 Data Gaps

1. No information has been found from which the threshold concentration, below
which no noticeable sensation is observed in even the most sensitive
individuals, can be determined for CS. At the lowest concentrations used in
tests examined in this study, approximately 0.1 mg/m3, the characteristic
effects of CS on young, healthy human volunteers were not only clearly
noticeable, but in some cases were still considered intolerable. No investigation
was uncovered that examined the effects of CS on individuals that might be
considered sensitive, such as the very young, the very old, or people suffering
from various respiratory ailments. Such studies are essential before any
assessment can be made of the effects of low levels of CS on civilian
populations.

2. Nothing is known of the biological action of CS on microorganisms, reptiles,
amphibians, birds, invertebrates, or terrestrial plants. Laboratory studies need
to be carried out on representative species of the foregoing, both from the point
of view of avoidance and of toxicity. The effects of CS and its breakdown
products on foliage and seed germination are unknown.
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Appendix B: Nature and Effects of Fog Oil Smoke

B.1 Introduction

The purpose of this discussion is to provide background information on the properties,
behavior, and health and environmental effects of fog oil. It is estimated that up to a maximum of
approximately 200 gal (757 L) of fog oil is used daily for smoke (oil fog) generation.*
Presumably, generation entails the use of U.S. Army M3A3 mechanical pulse jet smoke
generators.

The M3A3 smoke generator consists of a small gasoline-powered ramjet engine. The fog
oil is metered into the exhaust manifold of this engine at a predetermined rate partially controlled by
a manually operated valve. The heat of the exhaust vaporizes the oil and ejects it through three
nozzles into the atmosphere. As the vapor emerges from the nozzles at high velocity, large
volumes of air are sucked into the vapor stream. The resulting dilution and cooling produces great
numbers of condensation nuclei, around each of which a small droplet grows. Thus, a dense
cloud of fog oil aerosol is formed. In the normal mode of operation, the generator uses about
40 gal/h (nominal rate of 48 gal/h) of fog oil and 3 gal/h of gasoline.!-3

B.2 Physical and Chemical Characteristics of Fog Oil

Fog oil (SGF-2 oil) is similar to SAE No. 20 motor oil, but without additives,3+4 its color
varies from light yellow to almost black; its density is about 0.89-0.93 g/mL.! The performance
characteristics of SGF-2 oil are presented in the military specification MIL-F-12070C,4 which was
amended in 1986 to require the oil to be noncarcinogenic. The proportions of the main classes of
constituents may vary to a considerable degree, as shown for an "old" (pre-1986) batch of fog oil
in Table B.1. Treatment to remove carcinogens can change this picture radically, removing most
or all of the aromatics.

Fog oil constituents may also be characterized by the number of carbon atoms they contain,
molecular weights associated with those numbers, and vapor pressures, as provided in Table B.2.2
According to Katz et al.,1 both the aliphatic and aromatic fractions are in the C12-Cp2 range of
carbon numbers. Aliphatics may include cycloparaffins,3 also known as naphthenates. Aromatic
fractions (present in "old" fog oil) contain a variety of species, such as substituted benzenes,
naphthalenes, anthracenes, phenanthrenes, fluorenes, etc.; no cyclic structures beyond tetracylics
were identified.] Numerous nitrogen bases have been observed, including quinolines, indoles,
and benzoquinolines.! Metal analyses of "old" fog oils from three manufacturers indicated the
presence of copper and zinc at levels up to about 100 ppb.1

* Estimate made on the basis of six smoke generators used during a large training exercise.
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TABLE B.1 Percentages of Main Classes of "Old" Fog Qil
Constituents

Fog Oil
Sample .
Number  Aliphatics Aromatics  Esters Alcohols  Acids

1 58.2 40.0 (0}, 7/ i 0.0
2 42.7 50.0 4.1 i 0.5
3 54.1 43.5 0.9 ()7 {0]7/

TABLE B.2 Carbon Numbers, Molecular
Weights, Vapor Pressures, and Distribution of
Fog Oil Constituents

Vapor Fraction

Carbon Molecular Pressure in Fog Oil
Number? Weight (kPa) (%)
14 198 7:24. % 10:9% 1.90
15 212 1.89 x 10°04 3.42
16 226 4.62 x 10705 5.32
17 240 1.27 x 1005 7.98
18 254 3.15 x 10796 9.13
19 268 7.76 x 10797 12.93
20 282 1.49 x 10797 12317
24 296 421 x 10708 11.03
22 310 1.04 x 10-08 9.51
23 324 2.59 x 10709 7.60
24 338 6.68 x 10710 6.08
25 352 1.78 1018 4.94
26 366 499 x10° " 3.80
27 380 1.48 x 10°11 2.28
28 395 4,73 x 10712 1.14
29 409 1.64 x 1012 0.76

Source: Reference 2.

aNumber of carbon atoms per molecule.
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Fog oil is specified to consist of overhead petroleum fractions and not contain additives or
rerefined oils.4 Chemical and physical standards for fog oil are given in Table B.3.4 To satisfy
the pour point requirement, the oil must be derived from a primarily naphthenic stock.d In addition
to these requirements, the 1986 requirement that carcinogens or potential carcinogens be absent
may necessitate that the oil have special treatment, typically severe hydrotreatment (i.e., catalytic
hydrogenation) or severe solvent refinement.6-8 (Fog oil produced before the requirement for
carcinogen removal is referred to as "old";5 that produced afterward is called "new"). In the first
of the special treatments, carbon-carbon double bonds (including aromatic bonds) are
hydrogenated and heterocylics undergo ring opening; in the second, polynuclear aromatic
hydrocarbons (PAHs) and other aromatic compounds, as well as heterocylics, are removed by
solvent extraction.> The mean vapor pressure of fog oil has been reported as 1.6 x 10-5 Torr at
25°C, and the mean boiling point has been reported as 371°C.10

B.3 Character of Fog Oil Aerosol

The chemical composition of suspended fog oil aerosol is about the same as that of bulk
material and does not change as the fog plume travels downwind.10:11 Particle diameters average
approximately 1 pm, with various experiments yielding slightly different sizes, depending on the
exact conditions of generation (see below). One-micrometer particles are quite respirable and well-
retained by the lungs. In a cloud chamber, particles slowly coagulate, so that mean diameters tend
to increase somewhat over time.!:12 The vapor pressure of fog oil is so low that less than 1% of a
fog oil cloud is usually in the gaseous state.!! Thus, a cloud tends to persist until it is dispersed,
and it may travel as much as 6.5 km.3 The aerosol particles are so small that the deposition
velocities are quite low. Cataldo et al.12 reported deposition velocities for fog oil in wind tunnel

TABLE B.3 Physicochemical Requirements
for Type SGF-2 Fog Oil

Property Maximum Minimum
Flash point, °C — 160
Kinematic viscosity, 4.17 3.4
cSt at 100°C
Ramsbottom carbon, 0.1 —
weight percent
Neutralization number o | —
Pour point, °C -40 —
Water and sediment, 0.06 —

volume percent

Source: Reference 4.
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tests between 0.024 and 0.030 cm/s (0.027 £ 0.003 cm/s). Liljegren et .a!.z estimates an even
lower value, about 0.0031 cm/s. Policastro et al.13 observed no deposition from fog plumes

beyond 20 m from the generators.”

Because the representative diameters of fog oil aerosol are expressed in varying ways and
different kinds of instruments may not provide identical measurements for the same particles, exact
comparisons cannot be easily made. Katz et al.l reported average mass mean diameters ranging
from 0.74 to 1.68 pm (1.16 +£0.14 um) when a piezoelectric particle impactor was used, whereas
the values were consistently lower when an active scattering aerosol spectrometer was employed
for the same experiments. Liljegren et al.10 reported mass mean diameters ranging from 0.61 to
1.35 um (average 1.0 pm) and mass median aerodynamic diameters of 0.34 to 1.31 pm (average
0.74 pum) for the same raw data sets. Results of tests at Camp Atterbury? were reported as mass
mean diameters of 1.02 £ 0.13, 0.7 £ 0.06, and 1.07 + 0.09 pm, and geometric mass mean
diameters were reported to be 0.91 * 0.10, 0.60 + 0.03, and 0.96 £ 0.03 um. Cataldo et al.12
reported mass median aerodynamic diameters (particles generated in a small laboratory smoke
generator) ranging from 1.22 to 2.40 pm (average 1.60 £0.15 um) for one set of experiments and
a range of 1.6 to 3.1 um for another set. These values all lie close to the optimal particle diameter
range for obscuration,3 namely 0.5 to 1.0 pm. Data for a laboratory-generated fog oil smoke
indicate that 99.9% of the mass is in particles of less than 5 pm in diameter; 10 a field study showed
989% of the fog oil smoke to be between 0.3 and 3.0 pm in diameter.2

B.4 Analytical Methods

The properties of lubricating oils can be determined by using various analytical methods,
some applicable to fog oil; no attempt is made here to review that literature. Instead, key
information will be used to illustrate the variety of approaches, especially as applied to fog oil itself
and to the analysis of oil fogs.

As indicated above, some "old" fog oil samples have been characterized by Katz et al.l
through fractionation into classes of compounds, such as those listed in Table B.1, with high-
pressure liquid chromatography (HPLC). After preparative isolation of sufficiently large quantities
of an individual fraction, more detailed high-resolution gas chromatographic analyses were
performed, but it was impossible to identify most of the numerous individual components.
Jenkins et al.15 performed a similar HPLC evaluation of largely aromatic (hence "old") fog oils
and fogs, separating each sample into an aliphatic fraction, five aromatic fractions, and a semipolar
fraction. The American Society for Testing and Materials (ASTM)16 issued a procedure that
separates liquid petroleum on a silica gel column into three zones — saturated hydrocarbons,
olefins, and aromatics — whose boundaries are marked by fluorescent dyes that can be visualized
with ultraviolet light. Zone lengths are proportional to the concentrations of these classes of
hydrocarbons in the oil. The foregoing analytical procedures would be useful in distinguishing
bet'ween "old" and "new" fog oil, since the latter should contain only saturated hydrocarbons
(aliphatic and cycloaliphatic). They would not, however, suffice to identify or quantify the
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compounds of greatest potential concern (polynuclear aromatic hydrocarbons [PAHs or PNAs]),
some of them carcinogenic.

Concerned with PAHs, Lijinsky et al.17 laboriously isolated the PAH-rich aromatic fraction
of mineral oil by column chromatography and selective liquid-liquid extraction. They separated
PAHs by repeated filter paper chromatography until pure compounds were obtained and confirmed
their identities from their fluorescence emission spectra. Absorption spectrophotometry was used
to calculate the original concentrations. Although it represented real progress at the time it
appeared, the procedure is far too time-consuming for general use. The following PAHs have
been listed by the International Agency for Research on Cancer8 (IARC) as constituents of white
oils, which resemble fog oil: fluoranthene, benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, benzo[ghi]perylene and indeno[1,2,3-cd]pyrene. NIOSH Method 5515,18
involving capillary gas chromatography, was developed for airborne PAH particulates and appears
adaptable to the analysis of concentrates extracted from hydrotreated fog oil; it seems to be useful
down to about 1 ug of benzo[a]pyrene, the paradigm for PAHs. Hermann and coworkers!9:20
extracted PAHs selectively by means of a cyclohexane-dimethyl sulfoxide system, then separated
and measured the individual compounds through HPLC. They compared the results for various
petroleum products with those of mutagenicity tests and found good correlation. Haas et al.2!
were able to predict carcinogenicity and mutagenicity in petroleum oils empirically with an equation
employing the viscosity of the oil and the ultraviolet absorbance at 280-290 nm (due to PAHs) of a
dimethyl sulfoxide extract of the oil. For evaluating mutagenicity, these authors used an adaptation
of the Ames mutagenicity assay reported by Blackburn et al.,22 which correlates well with mouse
dermal bioassays.

Although the chemical constituents of oil fogs have been sorted into classes of compounds,
fog analysis has been mainly concerned with quantifying total aerosol mass and determining
particle size distribution. Airborne droplet sizes have been measured by light scattering or by
frequency shifts in the output of a piezoelectric particle cascade impactor.1-2 Wagner et al.23 used
electrostatic precipitation and gravimetry to obtain the mass concentrations of mineral oil mists.
Glass fiber filters2:4.11-13,15,18,24 and mixed cellulose ester or polyvinyl chloride membrane
filters18 have also been used for collecting samples for gravimetric or chemical analysis; both
particulates and any associated vapors have been absorbed in tubes filled with the polymer "Tenax"
for elution and subsequent chemical analysis.10:11,13 Qil particles have also been collected in gas
washing bottles for later analysis.3 Where particle sizing was desired, the diameters of fog
particles have been collected and classified by means of cascade impactors and cyclone impingers;
this process involved chemical analysis of the inertially separated material.2.3:11.12 [solates have
been analyzed by using ultraviolet absorption below 300 nm, but such a method would have had to
depend on the aromatic constituents, which would be present in varying proportions in "old" fog
oil but should be essentially absent in "new" fog 0il.3 Infrared absorption in the vicinity of 3 pm
has been similarly used for analyses; it is not recommended for plant tissue extracts because of
interfering substances.3.12 Low-resolution gas chromatography, with flame ionization detection,
has been applied to quantifying isolates without any attempt to identify their
constituents.10.11,13,18,24  Although low-resolution, high-pressure liquid chromatography has
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been used with both ultraviolet (230 nm) and refractive index detectors,1:21,15 the ultraviolet
detector is probably a bad choice for "new" fog oil because saturated hydrocarbons absorb so

poorly.

B.5 Human and Mammalian Toxicology®

A thorough and up-to-date literature summary and evaluation of the human and mammalian
toxicology of fog oil has just been completed by Dr. Winifred G. Palmer _of the U.S. .Arm‘y
Biomedical Research and Development Laboratory.> A precis of the report is presented in this
section without further mention of its origin; literature citations have been added to certain
statements for emphasis of the original sources or to introduce an additional statement of Possible
significance, but this section essentially reflects a great amount of thought and effort (and in some
instances the wording) by Dr. Palmer.

Experimental animals have been exposed to several types of mineral oils with diverse
constituents, including additives, by different routes and under various time and dosage regimes.
In only a few cases was military fog oil used, and then the fog oil was clearly of the "old" type,
known to contain aromatics (and probably high PAH concentrations). Epidemiological studies
have been conducted on mineral oil exposures (but not exposures to fog oil) in a number of
industries, and they tend to agree with the results obtained with laboratory animals. Thus, general
conclusions have had to be pieced together from scattered and often indirect evidence.

Respiratory effects of conventionally refined mineral oils in humans have been reportedly
related to oral administration of mineral oil, to oil-based nose drops, or to intralaryngeal injection
of medicinal oil, though not related to exposure to oil mists. These effects have been seen in
humans as two types of lipoid pneumonias — lipoid granulomas and diffuse pneumonitis. Mineral
oils do not produce pulmonary necrosis but are taken up by macrophages that remain within the
alveolar spaces. There is very little indication that workplace exposure to mineral oil mists causes
lung cancer. Indeed, pulmonary effects occur with exposure to highly refined mineral oils that lack
PAHs. Wagner et al.23 exposed five animal species — dogs, rabbits, rats, hamsters, and mice —
to 5 mg/m3 of a "light" (C25-C30) naphthene-based mineral oil six hours daily, five days a week
for a year; no adverse effects were seen except for occasionally observed alveolar macrophages.
However, repeated mineral oil mist exposures at considerably higher doses were shown by
Wagner et al.23 and various other experimenters to cause adverse noncarcinogenic respiratory
effects in mammals. Although lipoid pneumonia is uncommon in the workplace even in areas
where oil mist concentrations exceed 50 mg/m3, complaints from surveyed workers indicated that
discomfort occurs at oil mist levels greater than 5 mg/m3. On the basis of this information, the
U.S. Occupational Safety and Health Administration (OSHA) established 5 mg/m3 as the time-

weighted average permissible exposure level for the eight-hour-a-day, five-day-a-week
occupational setting.

Whereas mists of the various grades of mineral oil do not appear to cause occupational lung
cancer, repeated dermal contact with conventionally refined lubricating oils or oil mists does cause
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inflammation, dermatitis, folliculitis, acne, eczema, and contact sensitivity in humans. Malignant
and premalignant skin changes (e.g., atrophy, hyperkeratosis, and benign papillomas) may be
caused by exposure to poorly refined lubricating oils. Most of these effects have been attributed to
the PAH content of the oils. Evidence for an association between squamous-cell skin cancer — of
the hand, the arm, and especially the scrotum — and exposures to conventionally refined mineral
oils is overwhelming. The IARC,® having reviewed epidemiological studies, concluded that there
is sufficient evidence "that mineral oils (containing various additives and impurities) that have been
used in occupations such as [cotton] mulespinning, metal machining and jute processing are
carcinogenic to humans." The epidemiological evidence is mirrored in mouse dermal bioassays
("skin painting studies") that have been used routinely for many years to evaluate the
tumorigenicity of petroleum oil fractions. These experiments typically involve repeated application
of measured quantities of test materials to shaven skin on the backs of mice. Such studies have
demonstrated that conventionally refined mineral oils are carcinogenic, and that severe
hydrotreatment or severe solvent extraction reduces or eliminates the tumorigenic activity.

It is widely accepted that the content of carcinogenic PAHs in mineral oils is responsible for
the tumorgenicity of these oils. However, other factors also appear to be involved; for example,
nitrosoamines in metal machining cutting oils are carcinogenic, and constituents may be tumor
promoters or cocarcinogens but not initiators. There is evidence suggesting that solvent refining
can remove tumor promoters and cocarcinogens from a lubricant base oil. The severity of refining
does greatly influence the carcinogenicity of lubricating oils.

In-vitro screening (cytogenetic analysis of peripheral blood lymphocytes) was conducted
on glass makers who had been exposed to less than 5 mg/m3 of high-PAH mineral oil mists.
There were significant increases in the frequency of aberrant cells and in the numbers of
chromosome breaks per cell, as compared with controls.

B.6 Carcinogenicity of PAHs

Neither the U.S. Environmental Protection Agency's "Health Effects Assessment
Summary Tables" (HEAST)25 nor its Integrated Risk Information System (IRIS)25 currently
provide quantitative criteria for the carcinogencity of PAHs. The withdrawal from these official
sources of a cancer slope factor (index of carcinogenic risk) for benzo[a]pyrene — and the failure
to provide such expressions of risk for other PAHs — forces one to turn to other credible (but not
yet widely recognized and possibly transient) sources of guidance. A draft report recently prepared
for the U.S. Environmental Protection Agency Office of Health and Environmental Assessment by
ICF-Clement Associates26 appears to be in this category and is used here. The value of the slope
(or "carcinogenic potency") factor by the inhalation route for benzo[a]pyrene, q1¥, is
0.453 (mg/kg-day)-1. Slope factors for the other PAHs are calculated by multiplying this value by
the "relative potencies,” which are presented in Table B.4. The use of these "relative potencies"”
will be illustrated below.
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TABLE B.4 Potencies of PAHs

B.7 Terrestrial Ecological Effects Relative to that of Benzo[alpyrene

of Fog Oil12
Wind tunnel tests were carried out on LA ?zllztri\;e
a 1983 — hence "old" — lot of fog oil. y
About 80% of the oil deposited on foliar
surfaces disappeared linearly over roughly PRSI o085
four days; but the rest theq lmg?red.far Benzo[alpyrene 1.000
longer. The oil was more persistent in soils. Benzo[e]pyrene 0.004
Benzo[a]anthracene 0.145
o Benzo[b]fluoranthene 0.140
Phytotox.xcuy was tested on two-year- Benzo[j]fluoranthene 0.061
old ponderosa pine, big sagebrush, and short BenzolKlfluoranthene 0.066
needle pine seedlings, as well as on tall Benzo[ghi]perylene 0.022
fescue grown from seed. In one test series, Chrysene 0.0044

the plants were exposed to a fog oil mist of Cyclopentadieno[cd]pyrene  0.023
Dibenz[ah]anthracene 104

approximately 737 mg/m3 concentration at a

wind speed of 0.73 m/s for periods of 2, 4, ::;erz“ e a i g:ggf
6, and 8 h to give four mass loadings per
species; these loadings varied according to
exposure time and leaf and canopy structure
over a range of 33 to 292 ug fog oil/cm? of
foliage. In other tests, higher wind speeds gave heavier loadings. The intensity and extent of
damage to the plants caused by the oil increased with time over a three-week period following the
exposures. While tip burn and needle dieback were prevalent symptoms, chlorosis and necrotic
spotting of needles were apparent at the higher loadings. Ponderosa pine and sagebrush were
substantially more susceptible to damage than was new growth. Although there were also longer
term effects on the plants, no effects of soil contamination on seed germination were noted. There
was no significant effect of fog oil contamination of a sandy loam on growth of tall fescue; but in
silty clay, the first of three crops showed growth inhibition.

The influence of fog oil (concentrations not stated) on soil respiration, dehydrogenase
activity, and nitrifying activity was measured as an indicator of the effects of the oil on the soil
microbial population. There was no effect on soil respiration; both inhibitory and stimulatory
effects on soil enzyme activities were observed. The results indicate that fog oil is probably nota
toxicant to the soil heterotrophic microbial activity.

Earthworm mortality was determined in a series of soil tests. All worms survived the

14-day test period at fog oil concentrations below 285 mg/kg, corresponding to a surface loading
of about 3.6 mg/cm2.
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B.8 Current and Possible Future Standards

An airborne mineral oil exposure Threshold Limit Value (TLV)5:27 and an identical
Permissible Exposure Level (PEL)5 have been established by the American Conference of
Governmental Industrial Hygienists (ACGIH) and the U.S. Occupational Safety and Health
Administration, respectively. This value is 5 mg/m3 as an eight-hour-a-day, five-day-a-week time-
weighted average (TWA). The ACGIH short-term exposure limit (STEL) is 10 mg/m3. The
ACGIH is currently revising the mineral oil TLV and may reduce the TLV for PAH-containing
mineral oil to 0.2 mg/m3.

B.9 Ensuring the Use of "Safe" Fog Oil

It is assumed that only fog oil complying with the current military specification4 will be
employed. This specification refers indirectly to the IARC monograph3 cited above; essentially it
relies on the refining history of the oil. There is "sufficient" evidence that untreated (by either
hydrotreatment or solvent refining), mildly hydrotreated, or mildly solvent-refined oils are
carcinogenic; "no evidence" that severely solvent refined oils or oils that have undergone sequential
mild hydrotreating and mild solvent refining are carcinogenic; and "inadequate evidence" that
severely hydrotreated oils are carcinogenic.6-8 It is essential that military authorities at CMTC
accept and permit only the use of oil stocks in compliance with the present specification,* namely
those with the proper refining history. Although no current requirements exist for the chemical or
biological testing of fog oil, it may be prudent to consider one of the following, as discussed
above: mouse dermal bioassay,3-8:2122 mutagenicity testing,19:20:22 yltraviolet absorption/
viscosity testing,2! the ASTM fluorescent indicator adsorption test 17 (which may be inadequate to
identify oils low in other aromatics but high in PAHs), or analysis for carcinogenic PAHs.19,20,28
The last of these tests deals with the cancer initiators believed fo be responsible, in the absence of
carcinogenic additives, for the major part of mineral oil carcinogenicity. Since refining should
have removed most of the aromatics (and with them the promoters and cocarcinogens found in
unrefined mineral oils), the PAH content should correlate well with carcinogenicity. If analyses
are available for individual PAHs in fog oil used at CMTC, calculations such as those indicated
below would be able to provide an estimate of incremental cancer risk to local residents in
accordance with current risk assessment practice.

For the present exercise, the following assumptions and definitions are employed:

CpaH = acceptable concentration of PAHs, as benzo[a]pyrene equivalents, in
fog oil;
R = lifetime acceptable cancer risk of 106 (dimensionless);
q*1 = 0.453 (mg/kg-day) ! for benzo[a]pyrene slope factor or for potency-

adjusted equivalents (see below);
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L = human lifespan of 70 yr;
T = residence (exposure) time in Hohenfels, 35 yr;
H = hours per day of resident exposure during training, 1 h;
D = days per week during training weeks, 5 days;
W = weeks of training per year, 49 weeks;
dpy = 365 days per year;
BW = adult body weight, 70 kg;

Cp = exposure concentration of fog oil, assumed to be 1 mg/m3 for the
present exercise, which makes recalculation of CpAH, if necessary,
very easy (for example, if the exposure concentration Cg is assumed
instead to be 0.1 mg/m3, then the calculated Cpag Would be a
factor of ten larger);

F = factor to convert Crto milligrams of fog oil inhaled (and absorbed)
per hour by men at hard labor, derived from Eaton and Young,24
2.4 m3/h; and

K = factor to convert mg/mg to mg/kg (ppm), 106.
The pertinent equation is:
Cpal = (R x L x dpy X BW x K)/(q1* xHxD x W x Tx Cg x F) (B.1)
Inserting the above assumed values for the various parameters, one obtains
Cpan = 192 mg/kg as benzo[a]pyrene,
or 192 ppm BaP equivalent concentration. (B.2)

As an e)'(ample of a calculation of a benzo[a]pyrene (BaP) equivalent concentration,
suppose a fog oil sample contains 80 ppm fluoranthene, 45 ppm benzo[b]fluoranthene, 60 ppm
benzo[a]pyrene, and 90 ppm benzo[ghi]perylene. Multiply each concentration by the relative
potency of that compound from Table B.4. Note that fluoranthene is not in the list: although
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fluoranthene is a PAH, fluoranthene is not a carcinogen, as evidenced by its appearance only
among the noncarcinogens in HEAST.25 Thus,

BaP equivalent = (45 x 0.14) + (60 x 1.0) + (90 x 0.022) = 68.28 ppm (B.3)

Hence, the BaP equivalent is only 68 ppm, whereas the total PAH concentration is 275 ppm. In
this example, the oil has a BaP equivalent concentration below the estimated maximum value
computed above and would be considered safe to use.

B.10 Discussion and Conclusions

Occupational exposure of humans to mineral oil mists (of which fog oil mists are a subset)
does not appear to cause respiratory illness, such as pneumonias or cancer, although
concentrations above 5 mg/m3 have reportedly occasioned some pulmonary discomfort.
Furthermore, 5 mg/m3 is a level at which no adverse effects have been observed in animals.
Levels of workplace exposures to carcinogen-containing mineral oil mists have far exceeded any
mineral oil fog concentrations that would be encountered in the vicinity of the CMTC (i.e., off-site)
as a result of smoke training exercises. Since the U.S. Occupational Safety and Health
Administration's permissible exposure level (time-weighted average) for mineral oil mists is
5 mg/m3, this number serves as a benchmark, at least as far as noncarcinogenic effects are
concerned.

"Old" fog oil (i.e., that produced under pre-1986 military specifications) is assumed to
contain carcinogens. The carcinogens occur at levels believed to be sufficient to cause skin cancer,
especially squamous cell carcinomas of the scrotum, in individuals exposed repeatedly to high
dermal doses. Exposure to such low-level "old" fog oil mists as might occasionally be experienced
by residents of the area around the Hohenfels training site should pose no risk of skin cancer; not
only is the mist concentration low, but the efficiency of deposition on skin may be considered
miniscule. All evidence points to properly refined fog oil being carcinogen-free.

Out of extreme prudence, and to provide the utmost guarantee of safety to local residents, it
is recommended that every effort be made by the U.S. military commander of the Hohenfels
Training Area to assure that only "new" fog oil, documented to guarantee that it was treated in an
approved manner to remove all carcinogens, be used for smoke training.

Although high levels of oil fogs in wind tunnel tests induced damage to plant species, it is
extremely doubtful that U.S. Army-generated oil fogs would cause significant adverse effects on
the environment (plants, microbiota, invertebrates) at Hohenfels (except, perhaps, very close to the
smoke generators, the fog concentrations would be far too low). Because of the very small particle
size of fog oil aerosol, the particle deposition rate would be low.
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se of fog oil in the CMTC represents minimal

It may be concluded that past and current u ; ITC :
: environmental biota within or outside the area.

health risk to residents around the training area or to
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Appendix C: Conversion of GPS Positions
to Local Coordinates

C.1 Local/GPS Latitude and Longitude Conversion

The basic parameters that specify the horizontal position of a point on the Earth are the
latitude and longitude of the point. However, the common (geodetic) latitude and longitude are not
defined with respect to the actual surface of the Earth, but rather with respect to the surface of a
reference ellipsoid of revolution chosen to provide the best possible fit to the actual surface within a
well-defined geographic area. A reference ellipsoid combined with a reference positional grid
comprises a "datum." Within its area of definition, each datum provides a geodetic reference grid
with respect to which all local surveying is done. Historically, many different datums (by
conventional usage, the plural of the word datum in this context is datums, not data) are used in
different parts of the globe. Because of the manner in which they have been generated, these
datums are essentially independent of each other, and latitudes and longitudes with respect to
different datums should not be compared at the highest level of accuracy. Examples are the North
American Datum 1927 (or NAD 27), used until very recently in the contiguous United States and
used for most U.S. Geological Survey (USGS) topographic and hydrographic maps, and the
European Datum 1950 (ED 50), used in western Europe.

In contrast to the datums described above, the fundamental datum used in satellite
navigation and surveying, the World Geodetic System (WGS) 84 Datum, is defined to provide a
good global, rather than local, reference surface. The accurate definition and determination of
global geodetic reference systems became possible only after the development of artificial satellites.
Because different reference surfaces are used, WGS 84 positions are not identical to those defined
with respect to another datum, such as NAD 27, and the differences can correspond to distances on
the surface of the Earth of up to a few hundred meters.

A complicating factor is that, in the historical datums, distortions are present in both latitude
and longitude, because of the accumulation of errors in the systems of triangulation that are needed
to extend the reference grid over a large area. These distortions, which may reach 100 m or more,
were detected by satellite positioning systems, in which the corresponding error accumulation does
not occur.

Commercially available GPS receivers generally offer the option of selecting the datum
with respect to the computed latitude and longitude that are to be displayed. The computations are
done internally with respect to the WGS 84 system, on which the GPS system is fundamentally
based, and then the results are converted to the desired datum. If it is known in advance that a
comparison of GPS positions with positions defined with respect to a specific datum will be
needed, the proper datum may be selected prior to obtaining the positions.
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In other situations, it may be required to convert positions from a lpcal datum to WGS 84
or vice versa. In Reference C.1, the Defense Mapping Agency has prov1ded formulas and data
needed for converting positions defined on a large number of local grids used ?.round the world to
WGS 84 positions, but not for converting positions from WGS 84 to local grids. The remainder
of this section discusses the conversion of positions between WGS 84 and NAD 27 and between
WGS 84 and the ED 50.

Reference C.1 provides Multiple Regression Equations (MREs) for ?he transformation of
local NAD 27 or ED 50 positions, defined by local latitude ¢ and longitude A, to WGS 84
positions, specified by latitude Qywgs and longitude Awgs. The formulas may be represented
generally as follows:

A" = Ao + P(U,V) and (C.1)

AN" = Akg + A(ULY). (C:2)

In these equations, A¢" and AL are defined as the differences, in arc-seconds, between WGS 84
and local latitudes and longitudes:

owgs =9 + f A9" and (C3)
Awgs = A+ f AL, (C.4)
where ¢ and A are given in degrees, and f = 1/3,600 converts arc-seconds to degrees.

In Equations C.1 and C.2, Ado and AL, are given constants, and ®(U,V) and A(U,V) are
given polynomial functions of the variables U and V, which are defined by

U =K (¢ - ¢o) and (C.5)
V=K@ -4 (C.6)

The quantity K is a scale factor,
K = 0.05235988, (C.7

and the quam.it.ies o and A, are reference coordinates specific to each datum. Longitudes are
me.as.ured positive eastward from Greenwich (0°to 360°) and latitudes are measured positive 0" to
90°) in the northern hemisphere and negative (0° to -90°) in the southern hemisphere.
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The functions ®(U,V) and A(U,V) may be written in a form that is part linear in U and V
and part nonlinear:

®(U,V) =al + bV + &y(U,V) and (C.8)
A(U,V) =cU +dV + Aq(U,V), (C.9)

in which @) and Ap contain terms of second degree and higher in U and V. Table C.1 lists the
values of the parameters and coefficients introduced above for the NAD 27 and ED 50 datums.
Table C.2 provides the expressions for the functions @y and Ay for the transformation from NAD
27 and ED 50 datums to WGS 84. The best (fastest and most accurate) way to evaluate
polynomial expressions such as these is to evaluate them in a nested fashion. This method has
been indicated for the most part in the manner in which the expressions are shown in the table.
The two terms that begin with powers of U and V, respectively, should be computed as shown,
then the coefficients of the various powers of the product UV should be calculated, and finally the
total value of the expression should be computed by calculating the contribution of powers of UV.

The transformation of local coordinates (¢,A) to WGS 84 coordinates is straightforward.
The procedure is to (1) compute the values of the variables U and V by using Equations C.5 and
C.6, (2) compute ®(U,V) and A(U,V) from Equations C.8 and C.9 in combination with the
expressions for the nonlinear parts from Table C.2, (3) compute A¢" and AL" from Equations C.1
and C.2, and finally (4) compute ¢wGs and Awgs by using Equations C.3 and C.4.

Reference C.1 does not provide analogous expressions for the conversion from WGS 84 to
local coordinates. The approach taken here is to compute the values of U and V at the point in

question, and then to compute ¢ and A from 5
¢ = o + U/K and (C.10) TABLE C.1 Linear Transformation
Coefficients
A=2%o+ V/K, (C.11)
Parameter NAD 27 ED 50
which follow from Equations C.5 and C.6.
The terms U and V satisfy the equations % 37° 52°
X 265° 10°
U=U,-Kf[aU +bV +®yJand (C.12) 499 LRileids F e
Ak -0.88437 -4.13447
a -0.76173 2.06392
V=Vo-Kf[cU+dV + An]. (C.13) b 0.09585  0.77921
c 0.0 -1.50572
d 2.05061 1.94075

Equation C.12 is derived by equating the two
expressions for ¢ obtained from Equations
C.3 and C.5, and Equation C.13 is derived
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s of the MREs for Coordinate Conversions

NAD 27 Conversion:

®Q, =

+ +

+

U2[ 1.09919 + UL -4.57801 + U2[ 27.05396 + U2[ -59.96555
+U[ -4.76082 + 49.04320 U 11111
V3[ 0.49831 + V[ 0.1 1450 + V[ -0.37548 + V([ -0.14197 + V[ 0.07439
+0.03385 V 11111
(UV)[ U[ -1.13239 + U[ -0.98399 +2.03449 U 1] +0.12415 V2]
(UV)2[ 073357 V ] + (UV)3[ -1.30575 U3 -0.07653 V6]
(UV)4[ 0.08646 V5]

U2[ 026361 + U[ -1.31974 + 3.41827 U ]I
V2[ 0.13374 + V2{ -0.06004 + V2[ -0.05183 - 0.01444 V3
(UV)[ -0.76804 + U[ -0.52162 + U 0.30139 - 0.44507 U4l
4 V[ -1.05853 + V[ 2.17204 + V[ 1.88585 + V[ -0.81162 + V[ -0.96723
+V2[ 0.18882 + 0.04794 V 111111}
(UV)Y -0.49211] + (UV)3[ -0.59013 U® - 0.12948 V2]

ED 50 Conversion:

b =

nl

+
+

>
=,
]

U2[ 0.26743 + U[ 0.76407 + U[ 0.17197 - 0.78909 U5 J]] - 0.05401 V3
(UV)[ 0.10706 + U[ -0.95430 + 1.04974 U2] +0.05283 V8]
(UV)?[ -0.22899 U3 - 0.10572 V3] + (UV)3[ 0.02445 V6 |

U2[ -1.37600 + U[ -2.31939 + U[ -1.70401 + U[ 7.41956 + U[ 1.57701
-3.08344 U 11]1]

V2[0.30068 + V3[ -1.97974 + 0.16438 V4 ]]

(UV)[ 1.98425 + US[ -14.32516 + 9.98750 U2 ] + V[ -5.48711
+V[5.92923 - 1.79701 V 1]]

(UV)2[ US[ 7.80215 - 8.25844 U2 ] + V[ -1.61351 + V[ 16.85976
-2.26917 V311

(UV)3[ -6.52522 + 5.28734 US |

(UV)¥[ 4.49096 - 3.48015 US + V2[ -17.45428 + 0.71041 V3 ]]

(UV)3[ 8.87141 V2]
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similarly by solving for A from Equations C.4 and C.6. The quantities U and V,, are defined as
follows in terms of dwGs, AwGS, and known constants:

Uo =K [ OWGS - ¢o - f Ado ] and (C.14)
Vo =K [Awgs - do-f AL ]. (C.15)

The problem is that both ®_; and A, are themselves nonlinear functions of U and V,
making Equations C.12 and C.13 complicated to solve. However, U2 and V2 differ from Uy? and
Vo2 by terms of order Kf, and, therefore, ®ni(Uo, Vo) and A (Uo, Vo) differ from ®@p(U,V) and
Ani(U,V) by a comparable amount. If the nonlinear terms are replaced in Equations C.12 and
C.13 by their values evaluated at the point (Uo,V,), denoted by @y and Ap|o, the error made in
the equations is only of order (Kf)2. The resulting error in the computed coordinates is then of
order 10-5 arc-seconds, and this error is negligible. If this replacement is made, Equations C.12
and C.13 become two linear equations (Equations C.16 and C.17) in the unknowns U and V,
which can easily be solved:

(1 +Kfa) U + Kfb V = Uy - Kf @y and (C.16)
Kfc U + (1 + Kfd) V = Vg - Kf Apjo. (C.17)

The solutions to Equations C.16 and C.17 may be written in the form

U = (b, ag, - by a;)/D and (C.18)
V =(byay; - by a)/D, (C.19)
when
D =ay; ay - a3 2y, (C.20)
& =, - Eidg. (C21a)
By =V - Kf Aulo, (C.21b)
a;; =1+ Kfa, (C.22a)

#13 = be, (szb)
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a,; = Kfc, and (C.22¢)

Ay = 1+ Kfd. (C22d)

Table C.3 provides numerical values of the parameters a; and D for the NAD 27 gnd E]? 50
datums. The procedure for converting WGS 84 coordinates to NAD 27 or ED 50 coordinates is as
follows: (1) compute U, and V, from Equations C.14 and EIENT) compute @, and A, by
using the expressions in Table C.2, (3) compute by and by from Equations C.21a and b,
(4) compute U and V from Equations C.18 and C.19, and finally (5) compute ¢ and A from

Equations C.10 and @

To illustrate the conversion process, an example of conversion in each direction is
presented. Reference C.1 gives test cases for converting NAD 27 or ED 50 coordinates to WGS
84 coordinates. The input for the ED 50 test point is as follows:

® =46 41'42.893" or 46.695248055° and
A = 13° 54' 54.088" or 13.915024444°.

The computed values of several intermediate quantities are listed below.

U =-2.777561753 x 10-1 Ay =-1.672514537 x 10!
V =2.049902101 x 10-! @ =4281371132 x 10!
@, =-1.460100948 x 102 A = 6.488063248 x 10!

TABLE C.3 Parameters for the Conversion of
WGS 84 to Local Coordinates

Parameter NAD 27 ED 50
aqy 0.9999889211 1.000030019
a;, 1.39408 x 10- 1.133315 x 1075
ay, 0.0 -2.189981 x 10°5
ay, 1.000029825 1.000028227

D 1.000018746 1.000058247
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The final results for the computation of corrections to ¢ and A are
A¢" =-3.080;" and AL" = -3.485¢",
in exact agreement with the test case results reported in Reference C.1.

A useful test case for the conversion from WGS to local coordinates is the reverse of the
above example. The input for this example is

dwgs = 46° 41' 39.812" or 46.694392222° and
Awcs = 13° 54' 50.602" or 13.914056111°.

The computed values of several intermediate quantities are listed below.

U, =-2.777624059 x 10°! b, =-2.777621935 x 10-!
V, =2.049996417 x 10! by =2.050020744 x 10-1
@, =-1.460270400 x 102 U =-2.777561787 x 10!
Ao = -1.672598490 x 101 V =2.049902054 x 10-1

»

The final results are
0 =46.695247989° or 46° 41' 42.893" and
A = 13.915024354° or 13° 54' 54.088",

in agreement with the local coordinates specified in the initial test case. Thus, the two conversion
algorithms are each other's inverse at the 0.001" level of accuracy.

C.2 Computation of Universal Transverse Mercator Coordinates

The computation of Universal Transverse Mercator (UTM) coordinates from latitude and
‘longitude was done by using formulas given in Reference C.2, and these formulas are given
below. A specific ellipsoid, defined by equatorial radius a and flattening f, must be used.




Table C.4 gives the values of these
parameters for three widely used ellipsoids.
In most formulas, some form of the
eccentricity e is used, instead of the flattening
f. The eccentricity is given in terms of the
flattening by

e2=2f-f2. (C.23)

To calculate the East UTM coordinate
x (meters), the North UTM coordinate y
(meters), and the local map scale factor k
(dimensionless) from a given latitude ¢ and
longitude A, the following equations may be
used:

x= xger+ ko N[A+(1-T+ C)AY6+(5- 18T+ T2+ 72C - 58¢'2)A5/120],
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TABLE C.4 Eliipsoid Parameter Values
for Commonly Used Datums
B ——

Equatorial Flattening, f
Datum Radius, a (m) (dimensionless)
wGss4a 6,378,137 1/298.257
NAD 27  6,378,206.4 1/294.98
ED 50¢ 6,378,388 1/297.00

aBased on the International Union of Geodesy
and Geophysics Geodetic Reference System
80 (GRS 80) ellipsoid.

b Uses the Clarke 1866 ellipsoid.

c Uses the International ellipsoid.

(C.24)

= yREF+k0{M-M0+Ntan¢[A2/2+(5-T+9C+4C2)A4/24

+ (61 - 58T + T2 + 600C - 330e'2)A6/720]}, and

(C.25)

k= ko[l +(1+C)A%2+(5-4T +42C+ 13C2 - 28¢'2)A%/24

+(61 - 148T + 16T2)A5/720,

(C.26)

where k, denotes the scale on the central meridian; UTM system adopts the value 0.9996 for k.
The quantities xggp and yrgg are known as the “false Easting" and "false Northing," respectively;
in thp UTM system, xggp is assigned the value 500,000 m, and yRrgp is zero in the northern
hemisphere and 10,000,000 m in the southern hemisphere. The other quantities appearing in these

equations are defined by
e'2 =e2/(1-¢?),
N =a/(1-e2sin2 )12,
T = tan2 ¢,

C =e2cos? ¢,

A =(A- L) cos ¢, with A and A, in radians, and

(C.27)

(C.28)

(C.29)

(C.30)

(C.31)
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M= a [(1 - e2/4 - 3e4/64 - 5¢6/256 -...) ¢ - (3¢%/8 + 3e4/32
+45e6/1024 +...) sin 2¢ + (15¢4/256
+ 45e6/1024 +...) sin 4¢ - (35¢5/3072 +...) sin 6¢ + ...], (C.32)

where ¢ must be given in radians. M is the true distance along the central meridian to latitude ¢;
M, is the value of M calculated for ¢ = ¢, the latitude of the assumed origin. In the UTM system,
¢, and hence M, is zero. Aty ==*90°, x =0, y =ky(M - My), and k = k.

In Equation C.31, the quantity A, denotes the longitude of the central meridian assumed for
the map. In the UTM system, the globe is divided into 60 zones, each generally 6° wide in
longitude and numbered from 1 to 60 proceeding eastward from the 180th meridian from
Greenwich. Thus, Chicago, Illinois, is in UTM zone 16, and the Combat Maneuver Training
Center is in UTM zone 32; the Greenwich meridian itself forms the boundary between zones 30
and 31. The value of A, for any given zone is the longitude of the central meridian for that zone.

To compute ¢ and A (in radians) from x and y, the following equations may be used:

¢ =07 - (N tan ¢,/ R)[D2/2 - (5 + 3T + 10C; - 4C42 - 9¢'2) D#/24
+ (61 + 90T; + 298C; + 45T ;2 - 252¢'2 - 3C;2) D6/720] and (C.33)

A=Ay +[D- (1+2T;+Cy) D36 + (5 - 2Cy + 28T} - 3C;2 + 8e2
+24T;2) D5/120] / cos ¢y, (C.34)

where

01 =1 + (3e1/2 - 27€\2/32 +...) sin 21 + (21€,%/16
- 55e14/32 +...) sin 4 + (151€3/96 +...) sin 6

+ (1097€;4/512 -...) sin 8u + ..., (C.35)
er=[1-(1-e)12]/[1+(1-e?)l7, (C.36)
pw=M/[a(l -e?/4 - 3e4/64 - 5¢6/256 -...)], (C.37)
M =M, + (y - YReP) / ko» (C.38)
C; =2 cos 205, (C.39)

T, = tan2 ¢y, (C.40)
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N, =a/(1-e2sin2opl2, (C.41)
Ry=a(l-¢?)/(1- 2 sin2 )32, and (C.42)
(C.43)

D= (X = XREF) / (leo).

C.3 References

C.1 Defense Mapping Agency (DMA), 1987, Department of Defense World Geodetic System
1984, Its Definition and Relationships with Local Geodetic Systems, DMA Technical Report
No. 8350.2, Washington, D.C., NTIS Reference AD/A188 815.

C.2 Snyder, J.P., 1987, Map Projections — A Working Manual, U.S. Geological Survey
Professional Paper No. 1395, U.S. Government Printing Office, Washington, D.C.
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Appendix D: Data, Sample, and Document Management

This Appendix contains the text of Section 3 of the Sampling and Analysis Plan, dealing
with data, sample, and document management. This discussion presents the procedures followed
during the field investigation done as part of this study.

D.1 Data Management

Sources of data relevant to the interpretation of the sampling and analysis results and to the
assessment of any potential contamination problems include, among others, the field logbook,
which will contain information regarding the sample collection process, and the results from the
analysis at ANL of the collected environmental samples. Summaries of all relevant data will be
prepared in a suitable format and provided to the principal investigator. A printed copy will be
appended to the report prepared for the sponsor.

D.2 Sample and Document Management

This section describes the sample and document management procedures that will be
implemented in order to (1) ensure the authenticity of the information generated and (2) facilitate
the interpretation of the sampling and analysis results.

D.2.1 General Considerations v

The field logbook, sample labels, and sample tags will be completed by using waterproof
ink. If weather conditions preclude the use of ink, a pencil may be used, but the reason for its use
must be noted in the logbook. If an error is made on any field document (which designation
includes the documents just listed), a correction will be made by drawing a single line through the
error and entering the correct information. All corrections must be initialed and dated. Should a
field document become damaged, lost, or destroyed, the serial number and disposition of the
document must be recorded. Field documents that are voided must not be discarded; they must be
maintained in the project files for accountability.

D.2.2 Sample Documentation and Control

Sample Identification Numbers. Sample identification (ID) numbers will be assigned to
each physical sample collected. The sample ID must be (1) unique (so that the sample can be
distinguished from other similar samples) and (2) traceable throughout the process. To meet these
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two requirements, the sample D will contain, in 12 cha.racter coded form, the informat_lo_n sh/(\)wn
in Table D.1. In this investigation, the Army facility will always be.thc Hohenfels Training Area
(code HTA). The sampling Jocation codes will correspond to approximate grid rcference numbers:
The sample type code corresponds to the different types gf sample that will be collecteq.
S, surface-soil samples; V, vegetation samples; R, runoff sediment s?mplcs; and N, ncfit f.og oil
samples. For example, the sample ID number HTAO015603501 would indicate the following:

. The Army facility at which the sample was collected was the Hohenfels
Training Area, Germany.

« The sampling point (location) within HTA was at approximate grid reference
015603.

« The sample was a surface-soil sample.
« The sample was the first surface-soil sample collected at that point.

Field Logbooks. A field logbook will be used to (1) record the activities of the sampling
team in order to be able to reconstruct any given sampling event at a later date and (2) record field
observations and quantitative information associated with each physical sample taken. The field
logbook will clearly display the title Field Logbook in addition to (1) the field logbook number
(two-digit numeric), (2) the name of the sampling organization (Reclamation Engineering and
Geosciences Section, Energy Systems Division, ANL), (3) the name of the project (Terrestrial and
Aquatic Investigations), (4) the name of the activity (Preliminary Soil Contamination Survey),
(5) the Army facility being sampled (Hohenfels Training Area, Germany), and (6) the document
code (C; see Table.D.4). Each field logbook will be bound, with consecutively numbered pages.

The field logbook contains a record of the sampling team's activities. Specifically, the field
logbook shall contain, on each page, (1) the signatures of the sampling team members and (2) the
date. The logbook shall contain a chronological narrative of the sampling team's activities

TABLE D.1 Sample ID Number Information Codes

Code
Character(s) Definition Characteristic Choices
1,2, and 3 Army facility Alphabetic HTA only
4,5, and 6 East grid reference Numeric 950-999 or 000-149
7,8, and 9 North grid reference Numeric 520-689
10 Sample type Alphabetic S,V,R orN

11 and 12 Sequential sample number  Numeric 00-99
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throughout the day, including times and locations of all events noted. Descriptions of any general
problems encountered should be recorded, as should the names and telephone numbers of any base
personnel contacted for permits, logistical support, security, and technical or other information.
The general meteorological conditions at the site should be recorded throughout the day, including
the wind direction and at least a qualitative description of the wind speed (e.g., calm, steady,
gusty). The occurrence of any rainfall should be recorded, as should a general assessment of soil
moisture.

The field logbook also contains specific information about each physical sample taken. In
particular, for each sample, the field logbook should contain the following information: (1) the
sample ID number; (2) for clarity, the sample location number, sequence number, and type of
sample, explicitly written out; (3) the time at which the sample was taken (local time, daylight
savings, or standard time being explicitly noted, expressed in 24-h clock notation); (4) any relevant
field observations, including problems encountered in collecting the sample or any noteworthy
characteristics of the sample, such as color or odor; (5) a description of any deviations from
established sampling procedures, including the reasons for the changes; and (6) any field
equipment decontamination that was carried out, including a description of the reasons for doing it
and a description of, or reference to, the method used.

At the end of each day, the Quality Assurance Coordinator shall inspect the field logbook
entries for that day for accuracy and completeness and, following the inspection, shall sign and
date each page checked.

Sample Labels. The purpose of the sample label is to maintain sample identity. The
sample label will be completed by a sampling team member to be designated by the Field Sampling
Team Leader. The label will be affixed directly to the sampling container. Table D.2 lists the
minimum amount of information that will appear on each sample label.

Sample Tags. Sample tags are normally used to (1) help maintain sample identity and
(2) identify any hazards associated with the sample that would require special handling
procedures. For the types of samples being collected in this study, no chemical or radiological
hazards are anticipated. The sample tag will be completed by someone present at the actual sample
collection and will show the information given in Table D.3.

Chain-of-Custody Record. It is necessary to demonstrate that a sample is the same sample
that was collected at the site and that it has not been altered since collection. A written record is
kept for this purpose and unambiguously shows that the sample was in someone's "custody" every
step of the way. A sample is in someone's custody if

« Itisin one's actual physical possession; or

« Itis in one's sight, after being in one's physical possession; or
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TABLE D.2 Sample Label Information

Item

Description

e s e

Site name

Date

Time

Preservative

Analysis

Sample ID number

Sampler initials

The general name of the site at which the sample was
collected; for example, Sampling Area No. 1.

The date (dd/mmm/yy) on which the sample was collected;
for example, 27/SEP/90.

The time (based on a 24-h clock) at which the sample was
collected; for example, 0930 or 1445.
None required.

The analysis that will be performed by the Analytical
Chemistry Laboratory at ANL. Because the analyses will
differ somewhat from standardized USEPA analyses, the
word "SPECIAL" should be written

The ID number assigned to the sample as described in
Table D.1.

The initials of the person collecting the sample.

TABLE D.3 Sample Tag Information

Item

Description

Sample ID number

Date

The ID number of the sample.

The date (dd/mmm/yy) of collection (for example,
27/SEP/90).

Recorded by (initials)  The initials of the parson who prepared the sample tag.

Remarks

Apy additional information that is distinctive for the
given sample and that would be of use to the analyst.
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 Itis in one's physical possession and then locked up so that no one can tamper
with it; or

« Itis kept in a secure area, restricted to authorized personnel only.

A chain-of-custody record for each sample collected will be initiated by the person
collecting the samples. These samples will be transported back to ANL in the custody of a member
of the sampling team. Custody seals will be used as appropriate. The samples will be turned
directly over to Analytical Chemistry Laboratory personnel upon return to ANL, and the chain-of-
custody records appropriately completed. Because of the nature of the on-site sampling and
analysis procedures, proper custody will be maintained simply by having one member of the
sampling team turn the sample over to the analyst for immediate analysis. In all cases, the sample
will be in the direct physical possession of authorized team members from the time of collection to
the time of analysis.

Document Control. The objective of document control is to ensure that all project
documents used by the sampling and analysis team are accounted for when a project is completed.
Document control includes the use of (1) serialized documents, (2) a document inventory, and (3) a
document filing system. The Quality Assurance Coordinator will serve as the document control
coordinator, who will oversee and coordinate these items. The principal documents used by the
sampling and analysis team are listed in Table D.4.

Sample Tags and Chain-of-Custody Records will have preprinted serial numbers. All
issued numbers will be appropriately accounted for by the document control coordinator. Should a
Sample Tag or Chain-of-Custody Record be damaged, lost, or destroyed before use, the serial
number and disposition of the document must be recorded. Sample Tags and Chain-of-Custody

TABLE D.4 Documents Used by the Sampling and
Analysis Team

Code Document

Sampling and Analysis Plan

Health and Safety Plan

Field Logbooks

Sample Tags

Chain-of-Custody Forms

Correspondence

Report Notes, Calculations, etc.

Miscellaneous Photographs, Maps, Drawings, etc.
Sampling and Analysis Report(s)

—TIOGTMMOOm>»
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maintained in the files. Other documents used in conducting a

Records that are voided must be
logbooks) must be coded with the appropriate document code

project (e.g., field and laboratory
shown in Table D.4.

The document control coordinator shall be responsible for keeping an inventory of all
documents relating to this investigation.

Project files for each site from which samples are collected will be maintained by the
principal investigator or his designated alternate. Ata minimum, the project file will contain all of
the original documents listed in Table D.4.
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Appendix E: Analytical Procedures

E.1 Introduction

This report presents the analytical results from soil and plant samples obtained at the
CMTC, Hohenfels, Germany. Thirty-three soil samples and twenty-seven plant samples were
extracted in organic solvent by sonication. Each concentrated extract was analyzed by gas
chromatography/flame ionization detection (GC/FID). See Table E.1 for a sequential list of the GC
runs made and Table E.2 for a summary of the sample preparation timetable. All extractions and
analyses were performed by the Argonne Analytical Chemistry Laboratory (ACL).

In this exploratory study, the major component of interest is fog oil, a petroleum product
used to create an artificial battlefield fog. The secondary component of interest is
2-chlorobenzaldehyde (or ortho-chlorobenzaldehyde, OCB), a degradation product of CS, used in
training exercises. No certified method or protocol exists for the analysis of environmental
samples that may contain these compounds. Analytical procedures were developed based on
protocols used in methods certified by the U.S. EPA. The procedures included the extraction of a
matrix spike and matrix spike duplicate to determine extraction efficiency, preparation of fog oil
standards, and determination of a linear calibration curve prior to sample analysis. In addition, a
fog oil standard was analyzed at the beginning and end of each analytical sequence and after every
ten samples so that the percent relative standard deviation (%RSD) and percent difference (%D)
could be established.

Because fog oil elutes from the gas chromatographic column as a broad, unresolved
envelope, the entire area under the envelope was used for quantification. Samples were screened
for the presence of 2-chlorobenzaldehyde; derivatization was not performed.

Complex chromatograms for both soil and plant samples required the application of ratio
and subtraction techniques to the data. On the basis of the results obtained, no fog oil or
2-chlorobenzaldehyde was detected in the soil or plant samples.

The minimum quantity of fog oil detected by the instrument, on the basis of 100%
extraction efficiency of a 30-g soil sample, is 5 ppm. The limit of quantification of fog oil, on the
basis of the minimum quantity detected by the instrument and adjusted for the matrix spike and
matrix spike duplicate recovery mean of 57%, is 11 ppm.




TABLE E.1 CMTC GC/FID Analyses

Data

File No.

FDR10
FDR11
FDR12
FDR13
FDR14
FDR15
FDR16
FDR17
FDR18
FDR19
FDR20
FDR21
FDR22
FDR23
FDR24
FDR25
FDR26
FDR27
FDR28
FDR29
FDR30
FDR31
FDR32
FDR33
FDR34
FDR35
FDR36
FDR37
FDR38
FDR39
FDR40
FDR41
FDR42
FDR43
FDR44
FDR45
FDR46
FDR47
FDR48
FDR49
FDR50

Sample
Description
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Sample ID
Number

Calibration standard
Hexane

Fog oil (0.576 ng/pl)
Fog oil (5.76 ng/pl)
Fog oil (11.52 ng/uL)
Fog oil (28.8 ng/ul)
Fog oil (57.6 ng/pul)
Fog oil (115.2 ng/ul)
Fog oil (288 ng/uL)
Fog oil (576 ng/ul)
Hexane

Calibration standard
Hexane

Hexane

Calibration standard
Hexane

Fog oil (115.2 ng/uL)
Hexane

91-0206 Na,SO, blank (soil)
91-0206 Na,SO, blank (soil)
91-0206 NBS Soil blank
90-1120 Na,SO, blank (soil)
91-0206 MS
91-0206 MSD
Hexane

91-8014-01 Sail
91-8014-02 Soil
91-8014-03 Soil
91-8014-04 Soil
91-8014-05 Soil
Hexane

Calibration standard
91-8014-06 Soil
91-8014-07 Soil
91-8014-08 Soil
91-8014-09 Soil
91-8014-10 Soil
Hexane

91-8014-11 Soil
91-8014-12 Soil
Hexane

HTA016616S01
HTA016616S02
HTA018597S01
HTA019606S01
HTA019606S02

HTA019606S03
HTA020603RO1
HTA020608RO1
HTA021610SO1
HTA023604S0O1
HTA033606SO1
HTA036605RO1

Extract Percent
Color Moisture
clear =g
clear ==
clear —
clear —
clear o
clear —
clear —
clear L2
clear —
clear —
clear ey
clear —
clear Sy
clear —
clear 210
clear Rox
clear 2.05
clear 2 10
med. yell.-gr. 24.11
med. yell.-gr. 23.31
med. yell.-gr. 23.73
med. yell.-gr. 22.75
med. yell.-gr. 21.01
med. yell.-gr. 19.16
pale yell. 18.48
clear 42.78
deep yell.-gr. 25.28
deep yell.-gr. 17.96
med. yell.-gr. 11.70
deep gr. 7ida
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Data Sample Sample ID Extract Percent
File No. Description Number Color Moisture
FDR51 91-8014-13 Soil HTA036605R02 deep gr.-yell. 7.39
FDR52 Hexane — — —
FDR53 91-8014-14 Saoil HTA037606SO1 med. yell.-gr. 10.12
FDR54 91-8014-15 Soil HTA038601SO1 med. yell.-gr. 16.43
FDR55 Hexane — — —
FDRS56 Calibration standard — — —
FDR57 91-8014-16 Soil HTA043597RO1 med. gr.-yell. 43.99
FDRS58 91-8014-17 Soil HTA056593S01 med. yell. 24.61
FDR59 91-8014-18 Saoil HTA056593S02 deep yell. 21.20
FDR6O  91-8014-19 Soil HTA056603SO1  deep yell.-gr. 17.14
FDR61 91-8014-20 Soil HTA056625R0O1 clear 37.13
FDR62 Hexane — — —
FDR63 Hexane — — —
FDR64 91-8015-01 Sail HTA059601S0O1 med. yell. 24.55
FDR65 91-8015-02 Sail HTA059601S02 deep yell.-gr. 23.74
FDR66 91-8015-03 Sail HTA061596S01 pale yell. 23.26
FDR67 91-8015-04 Soil HTA061596S02 very pale yell. 20.79
FDR68 91-8015-05 Soil HTA062592RO1 very pale yell. 25.39
FDR69 Hexane — — —
FDR70 Calibration standard — — —
FDR71 91-8015-06 Soil HTA065585R0O1 pale yell. 18.60
FDR72 91-8015-07 Sail HTA066598S01 med. yell.-gr. 14.52
FDR73 91-8015-08 Saoil HTA073624RO1 clear (27T
FDR74 91-8015-09 Soil HTA096600RO1 pale yell. 37.05
FDR75 91-8015-10 Soil HTA977673RO1 pale yell. 31.86
FRD76 91-8015-11 Saoil HTA979679SO1* med. yell. 25.48
FDR77 91-8015-12 Soil HTA979682S01 med. yell. 31.85
FDR78 91-8015-13 Sail HTA987671S0O1 med. yell. 28.98
FDR79 Hexane - - —
FDR80 Calibration standard — — —
FDR105 Hexane — — —
FDR106 Calibration standard — — —
FDR107 Hexane — — —
FDR108 Calibration standard — — —
FDR109 Hexane — — —
FDR110 Calibration standard — — —
FDR111  Fog oil (115.2 ng/ul) — — —
FDR112 Hexane — e, e
FDR113  90-1219 Na,SO, blank (plant) = = =
FDR114  90-1220 Na,SO, blank (plant) - 2 FE
FDR115 Hexane i i Y
FDR116 91-8017-01 Plant HTA016616VO1  very pale yell. —
FDR117 91-8017-02 Plant HTA018597VO1 clear —
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Data Sample
File No. Description
FDR118 91-8017-03 Plant
FDR119 91-8017-04 Plant
FDR120 Hexane

FDR121 91-8017-05 Plant
FDR122 91-8017-06 Plant
FDR123 91-8017-07 Plant
FDR124 91-8017-08 Plant
FDR125 Hexane

FDR126 91-8017-09 Plant
FDR127 Hexane

FDR128 91-8017-10 Plant
FDR129 Hexane

FDR130 Calibration standard
FDR131 91-8017-11 Plant
FDR132 Hexane

FDR133 91-8017-12 Plant
FDR134  Hexane

FDR135 91-8017-13 Plant
FDR136 Hexane

FDR137 91-8017-14 Plant
FDR138 Hexane

FDR139 91-8017-15 Plant
FDR140 Hexane

FDR141 91-8017-16 Plant
FDR142 Hexane

FDR143 91-8017-17 Plant
FDR144  Hexane

FDR145 91-8017-18 Plant
FDR146  Hexane

FDR147 91-8017-19 Plant
FDR148 Hexane

FDR149 91-8017-20 Plant
FDR150 Hexane

FDR151  Calibration standard
FDR152 Hexane

FDR153 Calibration standard
FDR154 Hexane

FDR155 91-8018-01 Plant
FDR156 Hexane

FDR157 91-8018-02 Plant
FDR158 Hexane

FDR159 91-8018-03 Plant
FDR160 Hexane

FDR161 91-8018-04 Plant
FDR162 Hexane
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Sample ID Extract Percent
Number Color Moisture
HTA019606VO1 clear —
HTA021610VO1 deep yell.-gr. —
HTA021_61 ovo2 pale_;ell. :
HTA023604VO1 pale yell. —
HTA023604V02 pale yell. —
HTA033606VO1 deep yell. —
HTA037—606VO1 deep— yell. —_-
HTA037;06V02 deep—yell. :
HTAOSG_(;01VO1 dee;;_yell. :
HTA056_593VO1 deep—yell. :
HTAOS;QSVOZ deep—yell. :
HTA056_593V03 deep—yell‘ :
HTA056_593V04 dee;yell. —_—
HTAOSS-(;01V01 deep_yell. :
HTA05;01V01 deep_yell. :
HTA059_601V02 deep—yell. :
HTA05‘£01V03 deep—yell. :
HTA061_596VO1 deep_yeil. :
HTAOG1_5_96V02 dee; yell. :
HTA066—598V01 deep—yell. :
HTAOG(;;QBVOZ deap— yell. :
HTA979_679V01 deep_ yell. i
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Data Sample Sample ID Extract Percent
File No. Description Number Color Moisture
FDR163 91-8018-05 Plant HTA979682VO1 deep yell. —
FDR164 Hexane — — —
FDR165 91-8018-06 Plant HTA979682V02 deep yell. —
FDR166 Hexane — — —
FDR167 91-8018-07 Plant HTA987671VO1 deep yell. —
FDR168 Hexane — — —
FDR169 Calibration standard — — —
FDR170 Calibration standard — — —

FDR171

Hexane
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TABLE E.2 Sample Handling Chronology

Handling Operation Dates

Sample :
S:rgpl;lelnlszrr:ser Numger Extraction  Concentration Analysis
91-8014-01 HTA016616SO1 11-27-90 12-06-90 03-12-91
91-8014-02 HTA016616S02 11-21-90 12-06-90 03-12-91
91-8014-03 HTA018597SO1 11-27-90 11-29-90 03-12-91
91-8014-04 HTA019606SO1 11-27-90 12-06-90 03-12-91
91-8014-05 HTA019606S02 11-21-90 12-06-90 03-12-91
91-8014-06 HTA019606SO3 11-21-90 12-06-90 03-12-91
91-8014-07 HTA020603RO1 11-21-90 11-28-90 03-12-91
91-8014-08 HTA020608RO1  11-21-90 11-29-90 03-12-91
91-8014-09 HTA021610SO1  11-21-90 12-06-90 03-12-91
91-8014-10 HTA023604S01 11-27-90 11-29-90 03-12-91
91-8014-11 HTA033606SO1 11-21-90 11-28-90 03-12-91
91-8014-12 HTA036605RO1 11-27-90 12-07-90 03-12-91
91-8014-13 HTA036605R02 11-27-90 12-07-90 03-12-91
91-8014-14 HTA037606SO1 11-28-90 12-07-90 03-12-91
91-8014-15 HTA038601S01 11-27-90 12-07-90 03-12-91
91-8014-16 HTA043597RO1 11-28-90 12-13-90 03-13-91
91-8014-17 HTA056593S01 11-21-90 11-28-90 03-13-91
91-8014-18 HTA056593S02 11-21-90 12-13-90 03-13-91
91-8014-19 HTA056603SO1 11-21-90 11-29-90 03-13-91
91-8014-20 HTA056625RO1 11-21-90 11-28-90 03-13-91
91-8015-01 HTA059601S01 11-21-90 12-13-90 03-13-91
91-8015-02 HTA059601S02 11-21-90 11-29-90 03-13-91
91-8015-03 HTA061596S01 11-21-90 11-28-90 03-13-91
91-8015-04 HTA061596S02 11-21-90 12-13-90 03-13-91
91-8015-05 HTA062592RO1  11-21-90 11-28-90 03-13-91
91-8015-06 HTA065585RO1 11-21-90 12-13-90 03-13-91
91-8015-07 HTA066598S01 11-21-90 11-29-90 03-13-91
91-8015-08 HTA073624RO1  11-21-90 12-13-90 03-13-91
91-8015-09 HTA096600RO1 11-27-90 11-29-90 03-13-91
91-8015-10 HTA977673RO1  11-27-90 11-29-90 03-13-91
91-8015-11 HTA979679SO1  11-27-90 11-29-90 03-13-91

91-8015-12 HTA979682S01  11-21-90 12-13-90 03-13-91
91-8015-13 HTA987671SO1  11-21-90 11-29-90 03-13-91

91-8017-01 HTA016616VO1 12-18-90 01-04-91 03-15-91
91-8017-02 HTA018597VO1 12-18-90 01-04-91 03-15-91
91-8017-03 HTA019606VO1 12-18-90 01-04-91 03-15-91
91-8017-04 HTA021610VO1 12-18-90 01-04-91 03-15-91
91-8017-05 HTA021610VO2 12-18-90 01-04-91 03-16-91
91-8017-06 HTA023604VO1 12-18-90 01-04-91 03-16-91
91-8017-07 HTA023604V0O2 12-18-90 01-04-91 03-16-91
91-8017-08 HTA033606VO1 12-19-90 01-08-91 03-16-91

91-8017-09 HTA037606VO1 12-19-90 01-08-91 03-16-91
91-8017-10 HTA037606V0O2 12-19-90 01-08-91 03-16-91
91-8017-11 HTA038601VO1 12-20-90 01-08-91 03-16-91
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TABLE E.2 (Cont.)

Handling Operation Dates

ACL Internal Sample

Sample Number Number Extraction  Concentration Analysis
91-8017-12 HTA056593VO1 12-20-90 01-08-91 03-16-91
91-8017-13 HTA056593V02 12-20-90 01-08-91 03-16-91
91-8017-14 HTA056593V02 01-03-91 01-09-91 03-16-91
91-8017-15 HTA056593V04 01-03-91 01-09-91 03-16-91
91-8017-16 HTA056601VO1 12-21-90 01-09-91 03-16-91
91-8017-17 HTA059601VO1 12-21-90 01-09-91 03-16-91
91-8017-18 HTA059601VO2 12-21-90 01-09-91 03-16-91
91-8017-19 HTA059601VO3 12-21-90 01-09-91 03-16-91
91-8017-20 HTA061596VO1 12-21-90 01-15-91 03-16-91
91-8018-01 HTA061596V02 12-21-90 01-15-91 03-16-91
91-8018-02 HTA066598VO1 01-03-91 01-15-91 03-17-91
91-8018-03 HTA066598V02 12-21-90 01-15-91 03-17-91
91-8018-04 HTA979679VO1 01-03-91 01-15-91 03-17-91
91-8018-05 HTA979682VO1  01-03-91 01-15-91 03-17-91
91-8018-06 HTA979682V02 01-03-91 01-23-91 03-17-91
91-8018-07 HTA987671VO1  01-03-91 01-23-91 03-17-91

E.2 Experimental Procedures

E.2.1 Sample Receipt

Thirty-three soil samples and 27 plant samples were received on October 2, 1990, and
stored at 4°C (£ 2°C). Because the permit required by the U.S. Department of Agriculture
(USDA) for the importation of foreign soil samples was delayed, the samples could not be
processed further until the permit was finally obtained on November 19, 1990.

E.2.2 Sample Preparation

Sample preparation was initiated on November 20, 1990. The analytical method used for
the determination of fog oil in the samples was based on the U.S. EPA Contract Laboratory
Program Statement of Work (SOW) No. 2/88, including Revisions 9/88 and 4/89. This SOW
provides techniques to identify and measure semivolatile organic compounds from soil. Both the
major component of interest, fog oil, and the secondary component of interest,
2-chlorobenzaldehyde, are classified as semivolatile compounds and are amenable to analysis by
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¢ solvent. Derivatization was not performed

i 1 and plant samples with an organi
extraction of the soil and p p  Solvo el

as part of the analysis of samples for the presence of 2-

Soil Samples. Thirty-three soil samples were prepare:d for analysis by means of the
following procedure. A 30-g aliquot of sample soil was plgced in a 400-mL bf:aker. The. sample
was weighed by using a Mettler PT 320 balance. The weight was recorded in the Semivolatile
Sample Preparation logbook IL. The range for soil-sample weights was from 29.5_50 to 30.578 g.
Approximately 30 g of sodium sulfate was added to the .beaker of soil. The sqd'lum sulfate had
previously been extracted with hexane and acetone. An internal standard c0n51s'tmg of 0.1 mg/L
n-octacosane in hexane was prepared, and 1 mL was added to each beaker. The internal standard
was not recoverable at this concentration using the described extraction procedure. The soils were
extracted by adding 100 mL of 1:1 methylene chloride-acetone to each beaker. The beakers were
covered with aluminum foil and stored at 4°C (+2°C) overnight.

The soil samples were sonicated by using a Heat Systems-Ultrasonics, Inc., Model 375
sonic cell disruptor. The following procedure was used. The bottom surface of the tip of the
3/4-in. disruptor horn was placed 1/2 in. below the surface of the solvent, but above the sediment
layer. The unit pulsing capability is 375 W. The output control knob setting was 10, mode switch
setting was on pulse, and percent duty cycle knob setting was on 50%. The sample was sonicated
for 3 min. The solvent extract was decanted and filtered through Whatman #41 filter paper in a
Buchner funnel using vacuum filtration. The procedure was repeated twice with two additional
100-mL portions of 1:1 methylene chloride-acetone. On the final sonication, the entire sample was
poured into the Buchner funnel and rinsed with 1:1 methylene chloride-acetone.

Concentration of the soil samples was performed by using the following procedure. The
extract was transferred to a Kuderna-Danish (K-D) concentrator consisting of a 10-mL
concentrator tube and a 500-mL evaporating flask. The flask was immersed in a hot-water bath,
and the extract was concentrated until the apparent volume was 1 mL. The apparatus was allowed
to drain and cool for 10 min. The volume was brought to 10 mL with hexane, and the extract
transferred to Teflon™.-sealed centrifuge tubes. The extract was stored at 4°C (£ 2°C) until gas
chromatographic analysis was performed.

Plant Samples. Twenty-seven samples were received, each consisting of a heterogeneous
mix of undefined tree, bush and plant leaves, grass, moss, and twigs. These samples were
designated "plant” samples and were extracted by using the following procedure. The entire
contents of the plant-sample container was placed in a 400-mL beaker and weighed by means of a
Mettler PT 320 balance. The weight was recorded in the Semivolatile Sample Preparation
logbook II. The range for the plant samples was from 7.508 to 30.503 g. The plant sample was
crushed and approximately 30 g of sodium sulfate was added to the beaker. The sodium sulfate
had previously been extracted with hexane and acetone. An internal standard consisting of
0.1 mg/L n-octacosane in hexane was prepared, and 1 mL was added to each beaker. The internal
standard was not recoverable at this concentration by using this extraction procedure. The plants
were extracted by adding 200 mL of hexane to each beaker.
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The same sonication method as described above was used for the plant samples, except that
the sonication was repeated with two 200-mL portions of hexane. The same concentration
procedure described above was used for the plant samples.

E.2.3 Gas Chromatograph Operating Conditions

The samples were analyzed by using a Hewlett-Packard 5990 gas chromatograph with a
flame ionization detector equipped with a J & W DBS5, 30 m x 0.32-mm ID, 0.25-um film
thickness, capillary column. The autosampler system delivered a 3-uL splitless injection. Injector
temperature was 270°C, and detector temperature was 290°C. The temperature program was
100°C for 2 min, then increased to 120°C at 5°C/min, then a final increase from 120°C to 320°C at
12°C/min, and held at 320°C for 10 min. Other operating conditions were as follows:

Injector temperature: 270°C Final temperature:  320°C
Detector temperature: 290°C Ramp rate 2: 12°C/min
Initial temperature: 100°C Final time: 10 min
Initial time: 2 min Total run time: 35 min

Temperature at end of firstramp:  120°C
Ramp rate 1: 5°C/min .

The carrier gas was helium at a linear velocity of 19 cm/s. Hydrogen, air, and make-up gas flow
were set to Hewlett-Packard specifications.

E.3 Analytical Results for the Environmental Samples

Fog oil is a complex hydrocarbon mixture that could not be chromatographically resolved
with the gas chromatographic system used. Both soil and plant samples yielded complex
chromatograms that required the use of two specialized data-handling techniques to evaluate for the
presence of fog oil, which elutes as an unresolved envelope (see Figure E.1 at the end of
Appendix E). Many of the soil and plant chromatograms displayed poor resolution in the region
of interest, and simple comparison was not definitive. Therefore, Nelson Analytical Software
2600 Series Chromatography Data System, Rev. 5.0, ratio and subtraction techniques were used
for data analysis.
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-point ratio of the sample to a solvent blank
a solvent injection did not occur just before the
njection was used. This technique may be

The ratio technique calculates a point-by
immediately preceding the sample injection. Where

sample injection, the closest preceding solvent blank i ; :
used to cancel baseline drift and eliminate its resemblance to the fog oil elution pattern. The

subtraction technique calculates point-by-point differences in two chrqmatograrps. The San:lp]e
chromatographic peaks are reduced in size as chromatograms of increasing fog oil concentrations
are subtracted from it. If fog oil is not present in the sample, the baseline takes on a "bowl" effect.
If fog oil is present in the sample, the eventual result will be a straight baseline. The linearity
calibration standard chromatograms of increasing concentrations Were subtracted in all cases where

this technique was applied.

No fog oil was detected in any of the environmental samples run, even with the use of
these data processing techniques. The 2-chlorobenzaldehyde elutes at a retention time of 1.87 min
on the chromatogram. None was detected in any environmental samples.

The GC/FID chromatograms for all soil and sediment samples and for a representative set
of vegetation samples are shown in Figures E.2-E.42, which appear at the end of Appendix E.

E.4 Quality Assurance/Quality Control

E.4.1 Matrix Spike and Matrix Spike Duplicate

: Calculations and Results. A soil matrix spike (MS) sample and a soil matrix spike
duplicate (MSD) sample were extracted to determine the efficiency of the extraction technique. The
recovery R(MS, MSD) was calculated by using Equation E.1:

[A(MS, MSD)] (Is) (Vt)

R(MS, MSD) (/&) = =7, 0 Vi) (Ws) (M)

(E.1)

where
A(MS, MSD) = peak area count for the matrix spike or matrix spike duplicate,
Astd = standard peak area count,
Is = amount of standard injected (ug),

Vi = volume of extract injected (uL),
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Vt = volume of total extract (LL),
Ws = weight of sample extracted (g), and
M = (100 - percent moisture)/100.
The percent recovery (%R) was calculated using Equation E.2:
%R = [R(MS, MSD)/R(MSS)] x 100%, (E.2)
where

R(MS, MSD) = recovery (ug/g) calculated from Equation E.1 for the matrix spike
or matrix spike duplicate and

R(MSS) = 98.72 pg/g = recovery based on the addition of 1 mL of matrix
spike solution (2.97 mg/mL) to the MS and MSD 30-g soil
samples.

Percent recoveries were found to be 59% for the matrix spike and 55% for the matrix spike
duplicate. The acceptable percent recoveries for the MS and MSD by means of the EPA method
are between 31% and 137%, on the basis of the nonpolar hydrocarbon acenapthene.

The relative percent difference (%RPD) was 9%, as calculated by using Equation E.3:

+ -8

i (S1+8S2)2

x 100%, (E.3)

where
S1 = MS recovery (pg/g) and
S2 = MSD recovery (Lg/g).

The acceptable EPA maximum value of %RPD for MS and MSD is 19%, again on the basis of
acenapthene.

The experimental accuracy and precision of the MS and MSD data by using the autosampler
splitless injection technique is presented in Table E.3. The percent relative standard deviation
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(%RSD) for the MS and MSD ranges from 1 to 6%. The acceptable EPA-method value for the

initial %RSD is any value less than 30%.

MS and MSD Sample Preparation. Matrix spike and matrix spike duplicate samples were
prepared on February 6, 1991, in accordance with a National Burea}l of St‘andards (NBS) 5911
standard. The MS and MSD samples consisted of soil that had been spll.ced with a known quantity
of fog oil. The samples were subjected on February 6, 1991, to the entire analyncal procedure in
order to determine the matrix effect upon the analytical methodology by measuring the recovery of
fog oil. The MSD result also indicates the precision of the analytical method.

Two 30-g standard soil samples (U.S. Army THAMA SARM Repository USATHAMA
Standard Soil Lot # DAA05-81-M-A284) were weighed in two separate 400-mL beakers by using
a Mettler H31 analytical balance. Thirty grams of sodium sulfate that had previously been
extracted with hexane and acetone was added to each beaker of soil. A 1-mL aliquot of fog oil
matrix spiking solution (2.97 mg/mL) was delivered by volumetric pipette to each beaker of
soil/sodium sulfate. A volume of 100 mL of 1:1 methylene chloride-acetone was added to each

beaker.

The MS and MSD samples were sonicated and concentrated by using the same methods as
those described for the soil samples.

Contamination Peak. The matrix spike chromatogram contained a peak at 19.64 min that
was not noted in the matrix spike duplicate or the soil blank. The peak area of 7,575,370 counts
at 19.64 min was subtracted from the total peak area of 24,135,380 counts of the matrix spike
chromatogram. The resulting area of 16,560,000 counts was used to calculate the 59% recovery
(Equation E.1). The peak was also detected in the method/reagent blanks discussed in
Section E.4.2.

TABLE E.3 Matrix Spike and Matrix Spike Duplicate Comparison

Relative
Sample Areas Standard
Retention Deviation Deviation
Time (min) #1 #2 Mean from Mean (%)
6.335 5113 5010 5061 74 2
T/ 20311 20048 20179 186 1

19.635 16560000 15181223 15870600 974943 6
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E.4.2 Laboratory Blanks

Soil Blank. Preparation of the standard soil blank was performed on February 6, 1991, by
using the NBS soil standard described above. The soil blank contained an aliquot of standard soil
plus all other reagents and solvents used in the sample preparation method. Analysis of the soil
blank provided data for assessing the level of background generated by the soil matrix. Soil blank
sample preparation, sonication, and concentration was performed by using the same procedures as
for the soil samples.

Method/Reagent Blanks. Preparation of the method/reagent blanks was performed at the
time of sample extraction on November 20 and December 19-20, 1990, and February 6, 1991.
The blanks contained all reagents and solvents used in the sample preparation method to assess the
level of background generated from this portion of the analytical procedure. Chromatographic
peaks were noted at retention times of 14.01, 18.55 and 19.59 min.

Method/reagent blank preparation, sonication, and concentration were performed by using
the same procedures as for the soil samples, except that a 60-g aliquot of sodium sulfate was used.

E.4.3 Standards

Linearity and Calibration Factors. A series of eight fog oil standards was prepared at
concentrations of 0.576, 5.76, 11.52, 28.8, 57.6, 115.2, 288, and 576 ng/uL. The standards
were analyzed by means of GC, and the peak area response for each concentration was compared
with the amount of standard injected, as shown in Table E.4. The resulting calibration factors
were plotted, and a detector response range was determined. The 11.52 ng/uL standard was the
minimum detected. Fog oil is a complex hydrocarbon mixture that cannot be chromatographically
resolved and that elutes as an unresolved envelope. The entire envelope was integrated as a single
peak. A typical chromatogram is shown in Figure E.1.

Calibration Standards. A calibration standard was prepared containing
2-chlorobenzaldehyde (57.36 ng/pL) and fog oil (115.2 ng/uL), as well as the internal standards,
n-entadecane (31.2 ng/uL) and n-triacontane (33.8 ng/uL). The retention times for the standard
components are listed in Table E.5.

The standard was analyzed at the beginning, after every 10 samples, and at the end of every
analysis sequence. In addition, five standards containing only fog oil (115.2 ng/uL) were
analyzed. The results are presented in Table E.6.
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TABLE E.4 Linearity Calibration Factors

Concentration Peak Area? Amount Calibratioq Factor

(ng/uL) (103 units)  Injected (ng) (103 units/ng)
0.576 0 1.728 0
5.76 0 17.28 0

11.52 730 34.56 2041

28.8 2,079 86.4 24.0

576 4,686 172.8 271

11152 10,342 345.6 29.9

288 28,218 864 32°6

576 61,005 1728 35.3

a Area is measured in arbitrary units.

TABLE E.5 Calibration Standard Retention Times

Concentration Retention Time
Substance (ng/ul) (min)
Fog oil 115.2 16.25 at maximum,
range = 10-24 min
n-Triacontane 33.8 22.37
n-Pentadecane 31.2 7
2-chlorobenzaldehyde 57.4 1.87

Soil Calibration Standard Comparison. The fog oil peak areas of the calibration standards
analyzed during the soil-sample sequence were evaluated for method precision. Calibration
factors, the standard deviation of the remaining soil standards on the basis of the mean of the initial
three calibration factors, and the percent relative standard deviation were calculated. Standard
comparison for soil samples showed a percent difference (%D) ranging from 7 to 21%. The
acceptable EPA method value for %D is 25%.

The fog oil calibration factors (CF;) for the three initial standards analyzed during the soil
sample sequence (FDR10, FDR17, and FDR21) were calculated by using Equation E.4:

CF. = Total Area of Peak

'™ Mass Injected (ng) U= ls)e = (E.4)



125

TABLE E.6 Calibration Standard Runs

Fog Oil 2-chlorobenzaldehyde
Peak Area Peak Area

File Number (105 units) (108 units)
Soil Sequence:
FDR10 13.3 155
FDR17 10.8 a
FDR21 13.6 1.5
FDR24 13.5 1.5
FDR26 10.7 =
FDR41 14.4 5]
FDRS6 13.9 1.5
FDR70 10.6 )
FDR80 9.9 1.5
FDR83 9.9 2
FDR84 10.6 2
FDR86 10.7 a

Plant Sequence:

FDR106 6.7 1.2
FDR108 7.9 152
FDR110 9.4 1.4
FDR111 7.3 a

FDR130 7.0 1.2
FDR151 7.0 52
FDR153 Z:l 12
FDR169 72 1.2
FDR170 7.2 4.2

a Standard did not contain 2-chlorobenzaldehyde
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The mean (Mcp) and standard deviation (SDcp) of the three initial fog oil soil calibration factors

were calculated by using Equations E.5 and E.6:

3
Mcg = (1/3) Y, CF; and (E.5)
i=1
3
[SDcgl? = (1/2) D, [CFi - Ml (E.6)

i=1
The mean and standard deviation calculated in this way are
M = 36 (103 area units/[ng/uL]) and
SDcE = 4.4 (103 area units/[ng/uL]).

The percent relative standard deviation (%RSD) of the three initial soil calibration factors was
calculated as the value SDcg/McE X 100% and has a value of 12%. The acceptable EPA value is
less than 30%. The result describes the precision of the analytical results.

The calibration factors for each of the continuing standards (CFc) analyzed during the soil
sequence were calculated as CF = total area of peak/mass injected (ng), and the soil mean, Mcr,
was used in calculating the percentage difference (%D) for the remaining soil standards:

%D = [ (Mcg - CFc) / Mcg ] x 100%. (E7)

In each run, the mass of fog oil injected is 345.6 ng, on the basis of the injection of 3 pL of a
115.2 ng/uL solution. The results are presented in Table E.7 and range from 7 to 21%. The
acceptable EPA method value is less than 25%.

Plant Calibration Standard Comparison. The fog oil peak areas of the calibration standards
analyzed during the plant sample sequence were evaluated for method precision by using the same
procedure as described above for the soil standards. Comparison of the plant calibration standards

by using the plant mean reveals a percent difference range of 8-10%. The acceptable EPA method
value for %D is less than 25%.

§ The mean (MCE), the corresponding standard deviation (SD), and the percent relative
deviation (%RSD) of the four initial plant calibration factors were calculated as described above,
and the values are 23 (103 area units/[ng/uL]), 3.3 (103 area units/[ng/uL]), and 15%,
respectively. The acceptable EPA method value for the percent relative deviation is less than 30%.
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TABLE E.7 Percentage Differences in Soil Analysis
Sequence Calibration Factors

Fog Oil Percentage
File Peak Area CFc Difference
Number (106 units) (104 units/ng) (%)
FDR24 13.5 3.9 i
FDR26 10.7 3.1 15
FDR41 14.4 4.2 &)
FDR56 13.9 4.0 11
FDR70 10.6 S5 16
FDR80 9.9 2.9 21
FDR83 9.9 2.9 21
FDR84 10.6 3.1 15
FDR86 1O 31 15

The calibration factors for each of the continuing standards (CFc) analyzed during the plant
analysis sequence and the percent difference (%D) for the remaining plant standards were
calculated. The percentage deviation values range from 8 to 10%; EPA acceptable values are less
than 25%.

E.4.4 Limit of Detection

»
Fog Oil. The minimum quantity detected (MQD) in soil by the instrument on the basis of
100% extraction efficiency is 5 ppm. This value represents a comparison of the fog oil peak area
at first detector response to the least area response of the calibration standards, the volume and
amount of fog oil injected, the soil sample aliquot weight and final extract volume, and an
adjustment factor for the soil percent moisture as shown in Equation E.8:

(Ax) (Is) (V)

(As) (Vi) (Ws) (M) (E.8)

MQDs (ug/g) =

where
Ax = peak area count first detector response,
As = peak area count least area response,

Is = amount of standard injected (1g),
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Vi = volume of extract injected (L),
Vt = volume of total extract (L),

Ws = weight of sample extracted (g), and
M = (100 - percent moisture)/100.

The fog oil peak area of 730,204 counts for standard FDR14 (11.52 ng/uL) represents the
value at first detector response. This value is compared with the fog oil peak area of 6,707,900
counts for standard FDR106 (115.2 ng/uL) representing the least standard fog oil area count. The
injection volume was 3 pL, and the amount injected was 0.345 pg. A 30-g soil aliquot was
extracted, and the final extract volume was 10 mL. The percent moisture factor was 0.7667 based
on 23.33% average moisture for all soil samples.

2-chlorobenzaldehyde. The minimum concentration detectable in soil, on the basis of
100% extraction efficiency of a 30-g soil sample, is 19 ppm. This value represents a comparison
of the 2-chlorobenzaldehyde peak area of the first calibration standard to the least area response of
the calibration standards and included the additional soil extraction factors described in
Equation E.8. The samples were screened for the presence of 2-chlorobenzaldehyde, and
therefore, no calibration curve or derivation was performed. The 2-chlorobenzaldehyde peak area
of 1,546,071 counts for standard FDR10 (57.36 ng/uL) represents the value for the first
calibration standard area and is used for the value of Ax in Equation E.8. This value is compared
with the peak area of 1,160,534 counts for standard FDR153 (57.36 ng/uL) representing the least
standard 2-chlorobenzaldehyde area count. The injection volume was 3 pL, and the amount
injected was 0.172 pug. A 30-g soil aliquot was extracted, and the final extract volume was 10 mL.
The percent moisture factor, M, was 0.7667 on the basis of 23.33% average moisture for all soil
samples.

Fog Oil Limit of Quantification (LOQ). The fog oil limit of quantification is 11 ppm on the
basis of the MS and MSD recovery mean of 57%. This value reflects the minimum quantity
detected by the instrument divided by a factor reflecting the fog oil extraction efficiency mean of
57%. Equation E.9 illustrates the calculation:

LOQ (ug/g) = MQDs/EEF, (E.9)
where
MQDs = minimum quantity detected for soil and

EEF = mean percentage extraction efficiency/100.
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FIGURE E.21 GC/FID Chromatogram of Sample HTA056625R01
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FIGURE E.24 GC/FID Chromatogram of Sample HTA061596S01
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FIGURE E.25 GC/FID Chromatogram of Sample HTA061596S02
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FIGURE E.26 GC/FID Chromatogram of Sample HTA062592R01
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FIGURE E.27 GC/FID Chromatogram of Sample HTA065585R01
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FIGURE E.28 GC/FID Chromatogram of Sample HTA065598S01
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FIGURE E.29 GC/FID Chromatogram of Sample HTA073624R01
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FIGURE E.30 GC/FID Chromatogram of Sample HTA096600R01
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FIGURE E.31 GC/FID Chromatogram of Sample HTA977673R01
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FIGURE E.32 GC/FID Chromatogram of Sample HTA979679S01
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FIGURE E.33 GC/FID Chromatogram of Sample HTA979682S01
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FIGURE E.34 GC/FID Chromatogram of Sample HTA987671S01
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FIGURE E.35 GC/FID Chromatogram of Sample HTA018597V01
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FIGURE E.36 GC/FID Chromatogram of Sample HTA021610V01
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FIGURE E.37 GC/FID Chromatogram of Sample HTA021610V02
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FIGURE E.38 GC/FID Chromatogram of Sample HTA038601V01



167

28°bZ — Fh.ﬁ”l

a2

L8°22 —

bl
L]

0°'T :I030e3 3TEOS AN 666666
AW 0 :33s330 ‘utw 00°SE

€IV €ETHAd :d

:antep ybTH AN G89V6
:3ur3l do3s ‘utm 00°'0

fUT paxo3ls s3jybray pue

Fq.ﬂdﬂi\wu

:anTep MoT
1aWT3 3Ie3S
65:92:GT 3 T66T1-81-90 UO pPajuTad SIJd°E€ETHAI:d = 3114 e3jeq

‘samt3y

‘seaay

FIGURE E.39 GC/FID Chromatogram of Sample HTA056593V01
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FIGURE E.41 GC/FID Chromatogram of Sample HTA056603V01
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FIGURE E.42 GC/FID Chromatogram of Sample HTAS79679V01
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Appendix F: Target List for U.S. Environmental Protection Agency
Semivolatile Priority Pollutants

This Appendix provides a list of the 64 chemical compounds that are categorized as
semivolatile priority pollutants by the U.S. Environmental Protection Agency. These compounds
are judged to present a potential hazard because of their toxicity and because they may be found at
various types of hazardous waste sites in the United States.
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TABLE F.1 EPA Semivolatile Priority Pollutants?

Phenol

2-Chlorophenol
1,4-Dichlorobenzene
2-Methylphenol
4-Methylphenol
Hexachloroethane
Isophorone
2,4-Dimethylphenol
2,4-Dichlorophenol
Naphthalene
Hexachlorobutadiene
2-Methylnaphthalene
2,4,6-Trichlorophenol
2-Chloronaphthalene
Dimethylphthalate
2,6-Dinitrotoluene
Acenaphthene
4-Nitrophenol
2,4-Dinitrotoluene
4-Chlorophenyl-phenylether
4-Nitroaniline
N-Nitrosodiphenylamine
Hexachlorobenzene
Phenanthrene
Carbazole
Fluoranthene
Butylbenzylphthalate
Benzo(a)anthracene
bis(2-Ethylhexyl)phthalate
Benzo(b)fluoranthene
Benzo(a)pyrene
Dibenz(a,h)anthracene

bis (2-Chloroethyl) ether
1.3-Dichlorobenzene
1,2-Dichlorobenzene
2,2"-oxybis (1-Chloropropane)®
N-Nitroso-di-n-propylamine
Nitrobenzene

2-Nitrophenol

bis (2-Chloroethoxy) methane
1,2,4-Trichlorobenzene
4-Chloroaniline
4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2,4,5-Trichorophenol
2-Nitroaniline
Acenaphthylene
3-Nitroaniline
2,4-Dinitrophenol
Dibenzofuran
Diethylphthalate

Fluorene
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
Pentachlorophenol
Anthracene
Di-n-butylphthalate

Pyrene
3,3'-Dichlorobenzidine
Chrysene
Di-n-octylphthalate
Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene
Benzo(g,h,i)perylene

3 EPA Contract Laboratory Program Statement of Work for
Organics Analysis, Multimedia, Multiconcentration, Document

Number OLMO01.0

b Formerly known by the name bis(2-chloroisopropyl)ether.
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